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Introduction: Microplastic pollution has emerged as an increasingly urgent 

environmental problem, highlighting the need to better understand the psychological and 

social factors that encourage households to engage in pro-environmental behavior. 

Grounded in the Theory of Planned Behavior, this study examines how microplastic 

knowledge, risk perception, attitudes, subjective norms, and perceived behavioral control 

shape pro-environmental intentions among urban and rural housewives, extending TPB 

by integrating knowledge and risk perception.  

Methods: A quantitative research design was applied by distributing structured 

questionnaires to 600 respondents, comprising 300 urban and 300 rural housewives in 

Bogor City and Bogor Regency. Data analysis involved independent t-tests to identify 

differences between the two groups, and Structural Equation Modeling (SEM) to examine 

the causal relationships among the studied variables. 

Results: The results show significant urban–rural differences in microplastic knowledge, 

risk perception, subjective norms, and perceived behavioral control, while attitudes and 

pro-environmental behavioral intentions are relatively similar across contexts. In urban 

areas, knowledge significantly influences risk perception, whereas attitudes, subjective 

norms, and perceived behavioral control predict pro-environmental behavioral intention. 

In rural areas, risk perception and perceived behavioral control are the main predictors, 

with no direct effect of knowledge. 

Conclusion: Overall, knowledge alone is insufficient to promote pro-environmental 

behavioral intention. Instead, behavioral intentions follow context-specific pathways, 

driven primarily by attitudinal and normative factors in urban areas and by risk awareness 

and perceived behavioral control in rural settings. 
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INTRODUCTION  
Indonesia is the world’s second-largest contributor to marine plastic pollution after China, generating around 

3.2 million tons of mismanaged plastic annually, of which 1.29 million tons enter the ocean, including an estimated 

10 billion plastic bags each year (1,2). National data show that 33.3 million tons of waste are produced annually, with 

13.3 million tons unmanaged; plastics account for nearly 20% of this, largely from household consumption managed 

by housewives (3).  

Improperly managed waste leads to microplastic formation—particles <5 mm—which contaminate soil, 

water, air, and the food chain(4,5). Indonesians are estimated to ingest about 15 g of microplastics monthly, primarily 

from seafood and bottled water (6). Microplastics have been detected in human lungs, blood, placenta, kidneys, and 

reproductive organs (7–11). Despite these risks, public awareness and understanding remain low (12–15). 

Knowledge plays a critical role in shaping risk perception, which subsequently influences pro-environmental 

behavior (16–18). Individuals with higher environmental knowledge tend to perceive greater risks and are more likely 

to adopt sustainable practices, highlighting the importance of cognitive factors in behavioral change. Given their 

central role in household decision-making, housewives represent key agents of microplastic reduction at the domestic 

level (19,20). Building on these insights, this study applies the Theory of Planned Behavior (TPB) (21) and extends 

it by incorporating knowledge and risk perception to examine pro-environmental intentions related to microplastic 

reduction in urban and rural contexts. 

The uniqueness of this research lies in two aspects: first, analyzing the differences between urban and rural 

communities, where infrastructure, exposure, and behavioral norms differ significantly; and second, emphasizing the 

role of housewives as key agents of change in households to reduce microplastic exposure. This research is important 

because it provides theoretical contributions by expanding the TPB and offers practical implications for targeted 

education, behavioral interventions, and policy strategies tailored to different community contexts. Accordingly, the 

objectives of this research are to compare the factors of knowledge, risk perception, attitudes, subjective norms, and 

behavioral control between urban and rural communities; and to assess their influence on pro-environmental 

behavioral intentions toward microplastic reduction. 

METHOD  
This study employs a clear and systematic approach to ensure the reliability and validity of the findings. 

Below are the components of the methodology: 

 

Research Methodology 

This study applies a quantitative design to examine factors shaping pro-environmental behavioral intentions, 

including microplastic knowledge, risk perception, environmental attitudes, subjective norms, and perceived 

behavioral control. Data were collected from 600 survey respondents, evenly divided between rural and urban areas 

in Bogor Regency and Bogor City. The selected sites as Cicadas Village (Gunung Putri District) and Curug Mekar 

Subdistrict (Bogor Barat District), West Java were chosen due to their notable contribution to regional plastic waste 

(22,23). Representing distinct rural–urban contexts, these locations offer comparative insights into microplastic 

consumption patterns and community pro-environmental behaviors. 

 

Data Collection Procedure 

Data were collected using a household-based approach, targeting housewives as respondents. A total of 600 

participants were drawn through systematic random sampling across rural and urban areas, ensuring equal selection 

opportunities. Households were chosen at fixed intervals from sequential lists (e.g., starting with household 1 and 

selecting every third household). If an interview could not be completed, the next eligible household was approached. 

Respondents were required to be housewives—married or formerly married—with independent authority over 

household consumption decisions. 

 

Data Collection Techniques 

Data collection was conducted through direct interviews, where enumerators asked questions to respondents 

and the respondents provided their answers directly. Each interview session lasted approximately 20–30 minutes. The 
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enumerators, who were final-year university students or recent graduates with backgrounds in social research, 

received prior training on research instruments, interview protocols, and the use of tools such as show cards. To 

ensure the validity of the data, they were also instructed to remain neutral throughout the interview process. 

 

Ethical Clearance 

This study obtained ethical approval from the Research Ethics Committee of IPB University with approval 

letter number: [1758/IT3.KEPMSM-IPB/SK/2025]. All respondents were provided with an explanation of the 

research objectives, interview procedures, and their rights to participate or withdraw without any consequences. 

Participation consent was obtained through an informed consent form administered before data collection began. The 

anonymity of respondents was strictly maintained, and all collected data were kept confidential to prevent any 

potential adverse effects on participants. The researcher ensured that all research activities adhered to the ethical 

principles of beneficence, respect for persons, and justice, thereby upholding ethical integrity and accountability 

throughout the research process. 

 

Variables and Instruments 

This study examined six primary variables adapted from previous research to ensure their alignment with the 

study’s context. These variables included microplastic knowledge [10 indicators] (12,13,24), risk perception [8 

indicators] ((17), attitudes toward microplastics [6 indicators] ((24), subjective norms [5 indicators] ((25), behavioral 

control [4 indicators], and pro-environmental behavioral intentions [6 indicators] (17). Microplastic knowledge was 

assessed using a true/false format, where respondents determined whether each statement regarding microplastics 

was correct or incorrect. In contrast, the remaining variables were measured using a five-point Likert scale ranging 

from “strongly disagree” [1] to “strongly agree” [5], allowing respondents to express varying degrees of agreement 

with statements related to each variable.  

Instrument testing covered validity and reliability analyses for six latent constructs. Following item 

refinement, reliability was re-evaluated using SPSS based on pilot data from 30 respondents. The results indicated 

that all constructs achieved acceptable internal consistency, with Cronbach’s Alpha values exceeding the 

recommended threshold of 0.6. Specifically, microplastic knowledge (α = 0.718), risk perception (α = 0.925), attitude 

toward microplastics (α = 0.819), subjective norm (α = 0.679), perceived behavioral control (α = 0.814), and pro-

environmental behavioral intention (α = 0.909) were all deemed reliable, confirming the suitability of the 

measurement scales for subsequent structural analysis (See Table 1). 

 

Table 1. Reliability test results of latent variables based on Cronbach's Alpha 

Latent Variables Cronbach's Alpha Conclusion 

Microplastic Knowledge  0.718 Reliable 

Risk Perception  0.925 Reliable 

Attitude Towards Microplastics  0.819 Reliable 

Subjective Norm  0.679 Reliable 

Perceived Behavioral Control  0.814 Reliable 

Pro-environmental Behavioral Intention  0.909 Reliable 

Data Analysis 

Data analysis was carried out in several stages. First, descriptive statistics were generated in SPSS 25 to 

summarize respondents’ demographic characteristics, including minimum, maximum, mean, and standard deviation 

values. Group differences based on demographic and other variables were then examined using t-tests in SPSS 25 to 

identify significant variations between the two groups. Finally, Structural Equation Modeling (SEM) with SmartPLS 

was employed to assess both direct and indirect relationships among the study variables. 
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RESULTS  
Respondent Characteristics 

The respondents were predominantly late adults aged 36–45 years (32.8%), followed by early elderly aged 

46–55 years (27.8%). Nearly half (48.0%) fell into the low-income bracket (Rp600,000–Rp1,500,000), with a greater 

share in rural areas. Most had completed high school or vocational education, with wives (38.5%) generally less 

educated than husbands (56.3%). The majority of wives were housewives (76.7%), while husbands were mostly 

casual laborers (51.0%). Household size was typically large, with four dependents being most common (33.5%), 

showing similar patterns across rural and urban settings, though slightly higher in rural households. 

Analysis of Differences Between Urban and Rural Areas 

The analysis revealed significant urban–rural differences across several variables. Knowledge of 

microplastics was significantly greater in urban areas (81.20 vs. 73.57; p = 0.000), as was risk perception (81.26 vs. 

79.06; p = 0.010). No significant differences were found in attitudes (p = 0.802), pro-environmental intentions (p = 

0.093), or intentions to replace microplastic products (p = 0.579). However, subjective norms were stronger in rural 

areas (57.65 vs. 47.82; p = 0.000), and behavioral control was also higher (75.12 vs. 71.56; p = 0.003) (see Table 2). 

 
Table 2. Comparison test of research variables based on location 

Variables Location Mean Std. Deviation Std. Error Mean p-value 

Microplastic Knowledge Urban 81.20 16.31 0.94 0.000** 

Rural 73.57 17.11 0.99 

Risk Perception Urban 81.26 11.21 0.65 0.010* 

Rural 79.06 9.44 0.55 

Attitude Toward 

Microplastics 

Urban 74.75 13.51 0.78 0.802 

Rural 74.46 14.91 0.86 

Subjective Norm Urban 47.82 17.98 1.04 0.000** 

Rural 57.65 15.83 0.91 

Perceived Behavioral 

Control 

Urban 71.56 17.96 1.04 0.003** 

Rural 75.12 9.92 0.57 

Pro-Environmental 

Intention 

Urban 74.01 16.65 0.96 0.093 

Rural 75.91 10.10 0.58 

Notes: * significant at p<0.01; ** significant at p<0.05 

Structural Model Evaluation Analysis (Inner Model) 

As shown in Table 3, in urban areas, risk perception exhibited a very low R² value of 0.053, indicating that 

only 5.3% of its variance was explained by the model. Attitude toward microplastics showed a moderate R² of 0.234, 

suggesting that approximately 23.4% of the variance in attitudes was explained. Pro-environmental behavioral 

intention demonstrated a relatively strong R² of 0.493, indicating that nearly half of the variance in behavioral 

intention was accounted for by the model. 

In rural areas, risk perception had an extremely low R² of 0.005, reflecting minimal explanatory power. 

Attitude toward microplastics also showed a low R² of 0.081, while pro-environmental behavioral intention exhibited 

a very low R² of 0.061, suggesting that the model explains only a small proportion of variance in these constructs. 

For the total sample, risk perception had an R² of 0.067, attitude toward microplastics 0.115, and pro-

environmental behavioral intention 0.404. These results indicate that the model explains a moderate proportion of 

variance in pro-environmental behavioral intention, while its explanatory power for risk perception and attitude 

toward microplastics remains limited. 
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Table 3. R-squared based on areas 

Construct Urban Rural Total 

Risk Perception 0.053 0.005 0.067 

Attitude Toward Microplastics 0.234 0.081 0.115 

Pro-Environmental Behavioral Intention 0.493 0.061 0.404 

Hypothesis Testing 

Figure 1 illustrates the structural model across rural, urban, and total samples. The results reveal context-

specific pathways, where perceived behavioral control consistently predicts pro-environmental behavioral intention 

across all samples. In urban areas, attitudes and subjective norms emerge as key drivers of intention, whereas in rural 

areas, risk perception and perceived behavioral control play a more prominent role. Microplastic knowledge primarily 

influences risk perception but does not directly affect behavioral intention. 

 
Notes: 

Arrow values: Path coefficients (Row order: Rural, Urban, Total) 

Circle values: R² (Row order: Rural, Urban, Total) 

 
Fig 1. Structural equation model results for rural, urban, and total samples 

 

The hypothesis testing results presented in Table 4 show several significant relationships across rural, urban, 

and total samples. In rural areas, microplastic knowledge does not significantly influence risk perception (β = 0.071, 

p = 0.204) or pro-environmental behavioral intention (β = 0.017, p = 0.771), but it has a significant negative effect 

on attitudes toward microplastics (β = −0.137, p = 0.011). Risk perception significantly affects both attitudes toward 

microplastics (β = 0.259, p < 0.001) and pro-environmental behavioral intention (β = 0.135, p = 0.026). Perceived 
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behavioral control also shows a significant positive effect on pro-environmental behavioral intention (β = 0.126, p = 

0.036). However, attitudes toward microplastics (β = 0.098, p = 0.112) and subjective norms (β = −0.009, p = 0.867) 

do not significantly influence pro-environmental behavioral intention in rural areas. 

In urban areas, microplastic knowledge has a significant positive effect on risk perception (β = 0.230, p < 

0.001), but shows no significant influence on attitudes toward microplastics (β = 0.107, p = 0.058) or pro-

environmental behavioral intention (β = −0.044, p = 0.329). Risk perception significantly affects attitudes toward 

microplastics (β = 0.448, p < 0.001), but does not directly influence pro-environmental behavioral intention (β = 

0.026, p = 0.677). Attitudes toward microplastics demonstrate a strong positive effect on pro-environmental 

behavioral intention (β = 0.438, p < 0.001). In addition, subjective norms (β = 0.186, p < 0.001) and perceived 

behavioral control (β = 0.284, p < 0.001) also significantly influence pro-environmental behavioral intention in urban 

areas. 

For the total sample, microplastic knowledge has a significant positive effect on risk perception (β = 0.261, 

p < 0.001), but does not significantly influence attitudes toward microplastics (β = −0.028, p = 0.549) or pro-

environmental behavioral intention (β = 0.037, p = 0.285). Risk perception significantly affects attitudes toward 

microplastics (β = 0.349, p < 0.001), while its direct effect on pro-environmental behavioral intention is not 

statistically significant (β = 0.084, p = 0.063). Attitudes toward microplastics significantly influence pro-

environmental behavioral intention (β = 0.286, p < 0.001). In addition, subjective norms (β = 0.181, p < 0.001) and 

perceived behavioral control (β = 0.349, p < 0.001) also show significant positive effects on pro-environmental 

behavioral intention. 

 
Table 4. Hypothesis testing 

Path 
Original 

Sample (O) 

Standard 

Deviation 

(STDEV) 

T Statistics 

(|O/STDEV|) 

P 

Values 
Conclusion 

Hypothesis Test Results for the Rural Area 

Knowledge → Risk Perception (H1) 0.071 0.056 1.271 0.204 Insignificant 

Knowledge → Attitude Toward 

Microplastics (H2) 

-0.137 0.054 2.554 0.011 Significant 

Knowledge → Pro-Environmental 

Behavioral Intention (H3) 

0.017 0.059 0.291 0.771 Insignificant 

Risk Perception → Attitude Toward 

Microplastics (H4) 

0.259 0.053 4.876 0.000 Significant 

Risk Perception → Pro-Environmental 

Behavioral Intention (H5) 

0.135 0.060 2.232 0.026 Significant 

Attitude Toward Microplastics → Pro-

Environmental Behavioral Intention 

(H6) 

0.098 0.062 1.593 0.112 Insignificant 

Subjective Norm → Pro-Environmental 

Behavioral Intention (H7) 

-0.009 0.056 0.168 0.867 Insignificant 

Perceived Behavioral Control→ Pro-

Environmental Behavioral Intention 

(H8) 

0.126 0.060 2.107 0.036 Significant 

Hypothesis Test Results for the Urban Area 

Knowledge → Risk Perception (H1) 0.230 0.059 3.920 0.000 Significant 

Knowledge → Attitude Toward 

Microplastics (H2) 

0.107 0.056 1.903 0.058 Insignificant 

Knowledge → Pro-Environmental 

Behavioral Intention (H3) 

-0.044 0.045 0.978 0.329 Insignificant 

Risk Perception → Attitude Toward 

Microplastics (H4) 

0.448 0.054 8.314 0.000 Significant 

Risk Perception → Pro-Environmental 

Behavioral Intention (H5) 

0.026 0.063 0.417 0.677 Insignificant 
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Path 
Original 

Sample (O) 

Standard 

Deviation 

(STDEV) 

T Statistics 

(|O/STDEV|) 

P 

Values 
Conclusion 

Attitude Toward Microplastics → Pro-

Environmental Behavioral Intention 

(H6) 

0.438 0.056 7.876 0.000 Significant 

Subjective Norm → Pro-Environmental 

Behavioral Intention (H7) 

0.186 0.045 4.111 0.000 Significant 

Perceived Behavioral Control→ Pro-

Environmental Behavioral Intention 

(H8) 

0.284 0.057 4.985 0.000 Significant 

Hypothesis Test Results for the Total 

Knowledge → Risk Perception (H1) 0.261 0.038 6.877 0.000 Significant 

Knowledge → Attitude Toward 

Microplastics (H2) 

-0.028 0.047 0.600 0.549 Insignificant 

Knowledge → Pro-Environmental 

Behavioral Intention (H3) 

0.037 0.035 1.070 0.285 Insignificant 

Risk Perception → Attitude Toward 

Microplastics (H4) 

0.349 0.058 5.969 0.000 Significant 

Risk Perception → Pro-Environmental 

Behavioral Intention (H5) 

0.084 0.045 1.862 0.063 Insignificant 

Attitude Toward Microplastics → Pro-

Environmental Behavioral Intention 

(H6) 

0.286 0.064 4.431 0.000 Significant 

Subjective Norm → Pro-Environmental 

Behavioral Intention (H7) 

0.181 0.043 4.157 0.000 Significant 

Perceived Behavioral Control→ Pro-

Environmental Behavioral Intention 

(H8) 

0.349 0.046 7.612 0.000 Significant 

 

The hypothesis testing results indicate notable differences between rural and urban areas. Microplastic 

knowledge does not significantly influence pro-environmental behavioral intention in either rural or urban areas. Risk 

perception significantly affects pro-environmental behavioral intention only in rural areas, while its effect is not 

significant in urban areas or in the total sample. 

Attitude toward microplastics significantly influences pro-environmental behavioral intention in urban areas 

and in the total sample, but not in rural areas. Similarly, subjective norms significantly affect pro-environmental 

behavioral intention in urban areas and in the total sample, yet show no significant effect in rural areas. Perceived 

behavioral control consistently demonstrates a significant positive effect on pro-environmental behavioral intention 

across rural, urban, and total samples. 

Overall, the findings suggest that urban pro-environmental behavioral intention is more strongly shaped by 

attitudinal and normative factors, whereas in rural areas, risk perception and behavioral control play a relatively more 

prominent role. However, these differences should be interpreted cautiously in the absence of formal multi-group 

analysis. 

DISCUSSION 
The Influence of Microplastic Knowledge on Risk Perception (H1) 

The results show that microplastic knowledge significantly increases risk perception in urban areas and in 

the total sample, thereby partially supporting Hypothesis 1. However, this relationship is not significant in rural areas. 

These findings suggest that greater awareness of microplastics enhances perceived environmental and health risks 

primarily among urban respondents, aligning with prior evidence that knowledge heightens risk recognition (14,26). 
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Knowledge functions as a cognitive filter that enables individuals to interpret environmental cues, identify 

potential threats, and relate them to personal health concerns. In urban contexts, informed individuals may be better 

positioned to assess risks embedded in everyday practices such as food consumption and household waste 

management (27). 

Values and beliefs further condition this relationship. Individuals who prioritize environmental sustainability 

tend to interpret information more cautiously and report greater concern (28). Effective risk appraisal therefore 

requires not only access to accurate information but also the capacity to process and integrate it within existing value 

frameworks (29). Taken together, these findings highlight the importance of strengthening public literacy on 

microplastics, particularly in urban areas. While knowledge alone may not be sufficient in rural contexts, embedding 

information within broader sustainability narratives may enhance risk awareness and support pro-environmental 

engagement. 

 

The Influence of Microplastic Knowledge on Attitudes toward Microplastics (H2) 

The results indicate that microplastic knowledge does not significantly influence attitudes toward 

microplastics in urban areas or in the total sample, leading to the rejection of H2 in these contexts. However, in rural 

areas, knowledge shows a significant negative association with attitudes, suggesting that greater awareness does not 

necessarily translate into more favorable attitudinal responses. 

These findings imply that factual awareness alone may be insufficient to strengthen attitudes and, in some 

contexts, may even generate ambivalence. This pattern is consistent with prior studies showing that knowledge can 

coexist with weak concern or limited behavioral alignment (30,31). Within the TPB framework, knowledge appears 

to operate indirectly through risk perception rather than directly shaping attitudes, which are more strongly influenced 

by values, beliefs, and affective engagement (21,32). 

Attitudes are also shaped by social and contextual factors, including prevailing norms and practical 

constraints such as the affordability of sustainable alternatives (33). Accordingly, information-based interventions 

should be complemented by normative influence and enhanced behavioral control to more effectively translate 

knowledge into positive attitudinal and behavioral outcomes. 

 

The Influence of Microplastics on Pro-Environmental Behavioral Intentions (H3) 

The results indicate that microplastic knowledge does not significantly influence pro-environmental 

behavioral intention in either urban or rural areas, nor in the total sample, leading to the rejection of H3. This finding 

is consistent with the TPB, which suggests that behavioral intentions are shaped primarily by attitudes, subjective 

norms, and perceived behavioral control rather than knowledge alone (21). 

Knowledge appears to function mainly as a foundation for risk awareness; however, without alignment with 

personal values, social expectations, and enabling contextual conditions, it does not readily translate into behavioral 

intentions (34). This pattern reflects the commonly observed gap between awareness and action, where perceived 

social pressure and behavioral constraints play critical roles in decision-making (35). 

Accordingly, while knowledge remains important for raising awareness, strengthening pro-environmental 

behavioral intentions requires integrated approaches that also address attitudinal, normative, and structural factors. 

 

The Influence of Risk Perception on Attitudes toward Microplastics (H4) 

Risk perception has a significant positive influence on attitudes toward microplastics in urban, rural, and total 

samples, leading to the acceptance of H4. Within the TPB framework, attitudes reflect individuals’ evaluative 

judgments regarding potential risks and their consequences (21). The findings suggest that stronger perceptions of 

environmental and health risks are associated with more critical attitudes toward microplastics and greater concern 

for mitigation efforts (14,26). 

Risk perception therefore plays a central cognitive role in shaping attitudinal responses. Individuals who 

perceive higher levels of risk are more likely to evaluate microplastic issues as serious and worthy of attention. This 

relationship is further shaped by personal values, prior experiences, and communication framing, which influence 

how risks are interpreted across different demographic groups (14,36). Variations in public understanding may also 

reflect knowledge gaps and differences in information processing (37). 
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These results highlight the importance of strengthening risk communication strategies. Enhancing public 

awareness of environmental and health risks may reinforce negative evaluations of microplastics and support the 

attitudinal pathway emphasized within the TPB framework. 

 

The Influence of Risk Perception on Pro-Environmental Behavior Intentions (H5) 

The results indicate that risk perception significantly influences pro-environmental behavioral intention only 

in rural areas, whereas its effects are not significant in urban areas or in the total sample, leading to partial support 

for H5. This suggests that heightened perceptions of environmental risk motivate behavioral intentions primarily 

among rural respondents. 

From the TPB perspective, this finding highlight risk perception as a context-dependent driver of behavioral 

intention (21). Previous studies have shown that increased awareness of environmental threats can encourage 

individuals to adopt sustainable practices, particularly when risks are perceived as immediate and personally relevant 

(38,39). Emotional responses to environmental concerns may further strengthen motivation to act (16,40). 

These results imply that interventions aimed at strengthening pro-environmental intentions should emphasize 

risk communication particularly in rural settings, while in urban contexts greater attention may be needed to 

attitudinal, normative, and behavioral control factors. 

 

The Influence of Attitudes toward Microplastics on Pro-Environmental Behavioral Intentions (H6) 

Attitudes toward microplastics significantly influence pro-environmental behavioral intention in urban areas 

and in the total sample, but not in rural areas, resulting in partial support for H6. This finding aligns with the TPB 

premise that favorable evaluations of environmental issues strengthen behavioral intentions, particularly in contexts 

where individuals perceive greater agency and access to pro-environmental options (21). 

Previous studies have emphasized attitudes as a key determinant of sustainable intentions and behaviors (41). 

Education contributes to shaping such attitudes, especially when it highlights the tangible consequences of plastic 

consumption for human and environmental health (42), although awareness alone may not be sufficient to produce 

sustained behavioral change without support from reinforcing factors (30). Public understanding of microplastics also 

varies widely, and high awareness does not always translate into accurate knowledge or concern (24). 

These results suggest that while attitudes play an important role, especially in urban contexts, their influence 

is limited in rural settings, where behavioral intentions appear to depend more strongly on other TPB components 

such as perceived behavioral control. Accordingly, interventions should integrate attitudinal change with normative 

influence and structural support to more effectively promote pro-environmental action (43,44). 

 

The Influence of Subjective Norms on Pro-Environmental Behavioral Intentions (H7)  

Subjective norms, defined in the TPB as individuals’ perceived social pressure to engage in or refrain from 

certain actions, significantly influence pro-environmental behavioral intention in urban areas and in the total sample, 

but not in rural areas, resulting in partial support for H7. This finding reinforces the TPB assumption that strong social 

expectations can shape behavioral intentions, particularly in contexts where social influence is more salient (21). 

Similar evidence has been observed among Chinese consumers, where subjective norms positively predicted 

intentions to use reusable shopping bags (45), although their effects may vary across settings (46). 

Beyond their direct influence, subjective norms also interact with other TPB components by strengthening 

attitudes and perceived behavioral control, thereby reinforcing intention formation (33). Social context further 

conditions their impact, as community-level expectations can determine how strongly norms promote pro-

environmental practices (47). 

In practical terms, these results suggest that interventions should leverage peer influence and community 

engagement to normalize sustainable behaviors, especially in urban contexts where normative effects appear stronger. 

 

The Influence of Behavioral Control on Pro-Environmental Behavior Intentions (H8) 

Perceived behavioral control significantly influences pro-environmental behavioral intention in urban, rural, 

and total samples, leading to the acceptance of H8. This finding supports the TPB assertion that individuals are more 

likely to form intentions when they perceive sufficient ability and resources to act (21). It also indicates that 
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environmental concern alone is insufficient; individuals must feel capable of translating intentions into action. Prior 

studies similarly report that self-efficacy strengthens pro-environmental behaviors (48) and that higher PBC 

encourages sustainable practices such as carrying reusable shopping bags (45). 

PBC is shaped not only by individual beliefs but also by contextual conditions. Socioeconomic constraints 

can reduce perceived control and shift priorities toward short-term needs (16), while organizational and structural 

support can strengthen individuals’ capacity to engage in sustainable actions (49). 

Within the TPB framework, these results highlight PBC as a central driver linking environmental awareness 

with behavioral intention. Enhancing access to affordable eco-friendly options and supportive infrastructure may 

therefore be critical for translating pro-environmental intentions into concrete actions. 

 

Theoretical Contribution 

This study provides an exploratory extension of the TPB framework by incorporating environmental risk 

perception into the structural model and examining its role across urban and rural contexts. The findings reveal 

context-dependent pathways, with knowledge-related risk perception more salient in urban settings, while behavioral 

intentions in rural areas appear to rely more strongly on perceived behavioral control and risk awareness. Although 

the model’s explanatory power remains modest, the results suggest that integrating risk perception into TPB 

applications may help capture contextual variation in pro-environmental decision-making. 

Empirically, this study contributes to microplastic behavior research by identifying key psychological drivers 

of pro-environmental intentions across population groups. The results indicate that attitudes, subjective norms, 

perceived behavioral control, and risk perception play differentiated roles depending on context, whereas knowledge 

alone shows limited direct influence. These findings highlight the importance of addressing perceptual, normative, 

and control-related dimensions alongside informational approaches and point to the need for further confirmatory 

research. 

 

Managerial Implications 

The findings highlight the importance of context-specific strategies to strengthen pro-environmental 

behavioral intentions. In rural areas, interventions should prioritize enhancing risk perception and perceived 

behavioral control by improving access to affordable eco-friendly alternatives and practical waste management 

facilities. Increasing awareness of the health and environmental impacts of microplastics may help strengthen 

motivation to adopt sustainable behaviors. 

In urban areas, efforts should focus on reinforcing attitudes and social norms alongside perceived behavioral 

control. Community-based initiatives, peer influence, and visible pro-environmental practices can help normalize 

sustainable behavior, while supportive infrastructure can facilitate individual action. 

Across both contexts, governmental involvement remains essential. Public policies should integrate 

regulatory measures, such as limiting single-use plastics, with supportive approaches including incentives for 

sustainable consumption and improvements in waste management systems. Education campaigns delivered through 

schools, community organizations, media, and NGOs can further embed pro-environmental norms and make 

sustainable practices more accessible. 

 

Limitations 

This study has several limitations. First, the research was confined to one urban and one rural area, which 

restricts the generalizability of the findings to regions with different social and cultural contexts. Second, the study 

examined behavioral intentions rather than actual behaviors, limiting its ability to capture whether intentions translate 

into real-world actions. Third, demographic characteristics were reported descriptively but not integrated as 

covariates in the structural model, which may introduce omitted variable bias. Finally, the cross-sectional design 

captures data at a single point in time, preventing analysis of how knowledge, attitudes, or intentions evolve over the 

longer term. 
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CONCLUSION 
This study found significant urban–rural differences in microplastic knowledge, risk perception, subjective 

norms, and behavioral control, with urban respondents generally scoring higher, while attitudes toward microplastics 

and pro-environmental intentions showed no significant differences, indicating shared concern across contexts. The 

hypothesis test results show that knowledge significantly influences pro-environmental behavioral intention in the 

urban area, but not in the rural area. In both areas, risk perception, attitude toward microplastics, subjective norm, 

and behavioral control significantly affect pro-environmental behavioral intention, with a stronger impact in the urban 

area. Overall, risk perception and attitude are the dominant factors shaping pro-environmental behavior, especially in 

the urban area. 

Building on the limitations of this study, several avenues for future research are recommended. First, the 

geographic scope should be broadened to include multiple urban and rural regions with varying socio-cultural 

contexts, enabling findings that are more representative and generalizable. Second, future studies should expand the 

range of explanatory variables. In addition to knowledge, attitudes, risk perception, subjective norms, and perceived 

behavioral control, factors such as socioeconomic status, education level, cultural values, environmental identity, 

social media exposure, government trust, and access to eco-friendly alternatives warrant investigation. Exploring 

these dimensions could provide a more comprehensive picture of the psychological, social, and structural 

determinants of pro-environmental behavior. 

Methodologically, longitudinal designs are recommended to capture how knowledge, attitudes, and 

intentions evolve over time, as well as to assess whether intentions translate into consistent behavioral 

change. Finally, comparative studies across cultures or regions could reveal how contextual factors 

moderate the relationships specified in the TPB, offering insights into how interventions might be tailored 

to different populations. 
 

AUTHOR CONTRIBUTION STATEMENT 
 Megawati Simanjuntak was responsible for conceptualization, study design, supervision, data analysis, and 

manuscript revision. Irni Rahmayani Johan and Ismayanti Pratiwi contributed to data analysis and manuscript 

preparation. Nurazizah Aprilia handled draft writing and overall manuscript preparation. Rohimatul Janah managed 

data collection, reference management, and administrative coordination. All authors reviewed and approved the final 

version of the manuscript.  

 

CONFLICT OF INTEREST 
 The authors declare no financial or personal conflicts of interest that could have influenced the outcomes of 

this research. 

 

DECLARATION OF GENERATIVE AI AND AI-ASSISTED TECHNOLOGIES IN THE WRITING 

PROCESS 
 The authors utilized artificial intelligence solely for improving language clarity and correcting grammar. AI 

did not create any scientific content, analyze data, or interpret results. All conceptual work, research design, data 

gathering, analysis, and conclusions were carried out entirely by the authors, who take full responsibility for the 

intellectual content of this manuscript. 

 

SOURCE OF FUNDING STATEMENTS 
 The financial support provided by the Ministry of Higher Education, Science, and Technology of the Republic 

of Indonesia with Grant No. 006/C3/DT.05.00/PL/2025 is gratefully acknowledged. The funding agency had no role 

in the study design, data collection, analysis, interpretation, or manuscript writing. 

 

ACKNOWLEDGMENTS 
Not applicable.   

 



 

Microplastic Threats: Urban–Rural Differences in Knowledge, Risk, and Psychosocial Factors among Households   

Page | 987  
 
 

BIBLIOGRAPHY 
1. Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman M, Andrady A, et al. Plastic waste inputs from land 

into the ocean. Science (1979). 2015 Feb 13;347(6223):768–71. Available from: 

https://www.science.org/doi/10.1126/science.1260352   

2. UNEP (United Nations Environment Programme). National Plastic Waste Reduction Strategic Actions for 

Indonesia [Internet]. Ratnawati RV, Tahar N, Sidik US, Onogawa K, Dickella Gamaralalage PJ, Makoto T, et 

al., editors. Jakarta: Ministry of Environment and Forestry, Republic of Indonesia; 2020 [cited 2025 Nov 28]. 

Available from: 

https://wedocs.unep.org/bitstream/handle/20.500.11822/32898/NPWRSI.pdf?sequence=1&isAllowed=y   

3. SIPSN (Sistem Informasi Pengelolaan Sampah Nasional). 2024. Capaian kinerja pengelolaan sampah tahun 

2024. Available from: https://sipsn.menlhk.go.id/sipsn/   

4. Muchlissin SI, Widyananto PA, Sabdono A, Radjasa OK. Kelimpahan mikroplastik pada sedimen ekosistem 

terumbu di Taman Nasional Laut Karimunjawa. Jurnal Kelautan Tropis. 2020 Dec 26;24(1):1–6. Available 

from: https://doi.org/10.14710/jkt.v24i1.9865   

5. Ahmet Miraç B, Fatoş U. The effect of environmental health education on microplastic pollution awareness. 

Public Health Nurs. 2024 Jul 13;41(4):760–7. Available from: https://doi.org/10.1111/phn.13322   

6. Paripurna A. 2025. Studi: Masyarakat Indonesia konsumsi mikroplastik 15 gram per bulan. Katadata Green. 

Available from: https://green.katadata.co.id/berita/6667d9e46da03/studi-masyarakat-indonesia-konsumsi-

mikroplastik-15-gram-per-bulan  

7. Abbasi S, Turner A. Human exposure to microplastics: A study in Iran. J Hazard Mater. 2021 Feb;403:123799. 

Available from: https://doi.org/10.1016/j.jhazmat.2020.123799   

8. Leslie HA, van Velzen MJM, Brandsma SH, Vethaak AD, Garcia-Vallejo JJ, Lamoree MH. Discovery and 

quantification of plastic particle pollution in human blood. Environ Int. 2022 May;163:107199. Available 

from: https://doi.org/10.1016/j.envint.2022.107199   

9. Ragusa A, Notarstefano V, Svelato A, Belloni A, Gioacchini G, Blondeel C, et al. Raman microspectroscopy 

detection and characterisation of microplastics in human breastmilk. Polymers (Basel). 2022 Jun 

30;14(13):2700. Available from: https://doi.org/10.3390/polym14132700   

10. Zhao Q, Zhu L, Weng J, Jin Z, Cao Y, Jiang H, et al. Detection and characterization of microplastics in the 

human testis and semen. Science of The Total Environment. 2023 Jun;877:162713. Available from: 

https://doi.org/10.1016/j.scitotenv.2023.162713  

11. Massardo S, Verzola D, Alberti S, Caboni C, Santostefano M, Eugenio Verrina E, et al. MicroRaman 

spectroscopy detects the presence of microplastics in human urine and kidney tissue. Environ Int. 2024 

Feb;184:108444. Available from: https://doi.org/10.1016/j.envint.2024.108444   

12. Deng L, Cai L, Sun F, Li G, Che Y. Public attitudes towards microplastics: Perceptions, behaviors and policy 

implications. Resour Conserv Recycl. 2020 Dec;163:105096. Available from: 

https://doi.org/10.1016/j.resconrec.2020.105096   

13. Oleksiuk K, Krupa-Kotara K, Wypych-Ślusarska A, Głogowska-Ligus J, Spychała A, Słowiński J. 

Microplastic in food and water: Current knowledge and awareness of consumers. Nutrients. 2022 Nov 

17;14(22):4857. Available from: https://doi.org/10.3390/nu14224857  

14. Felipe-Rodriguez M, Böhm G, Doran R. What does the public think about microplastics? Insights from an 

empirical analysis of mental models elicited through free associations. Front Psychol. 2022 Aug 3;13.   

15. Hossain MdS. People’s attitudes regarding plastics and microplastics pollution: Perceptions, behaviors, and 

policy implications. Mar Policy. 2024 Jul;165:106219. Available from: 

https://doi.org/10.3389/fpsyg.2022.920454  

16. Zeng Z, Zhong W, Naz S. Can environmental knowledge and risk perception make a difference? The role of 

environmental concern and pro-environmental behavior in fostering sustainable consumption behavior. 

Sustainability. 2023 Mar 8;15(6):4791. Available from: https://doi.org/10.3390/su15064791   

17. Yoon A, Jeong D, Chon J. The impact of the risk perception of ocean microplastics on tourists’ pro-

environmental behavior intention. Science of The Total Environment. 2021 Jun;774:144782. Available from: 

https://doi.org/10.1016/j.scitotenv.2020.144782   

https://www.science.org/doi/10.1126/science.1260352
https://wedocs.unep.org/bitstream/handle/20.500.11822/32898/NPWRSI.pdf?sequence=1&isAllowed=y
https://sipsn.menlhk.go.id/sipsn/
https://doi.org/10.14710/jkt.v24i1.9865
https://doi.org/10.1111/phn.13322
https://green.katadata.co.id/berita/6667d9e46da03/studi-masyarakat-indonesia-konsumsi-mikroplastik-15-gram-per-bulan
https://green.katadata.co.id/berita/6667d9e46da03/studi-masyarakat-indonesia-konsumsi-mikroplastik-15-gram-per-bulan
https://doi.org/10.1016/j.jhazmat.2020.123799
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.3390/polym14132700
https://doi.org/10.1016/j.scitotenv.2023.162713
https://doi.org/10.1016/j.envint.2024.108444
https://doi.org/10.1016/j.resconrec.2020.105096
https://doi.org/10.3390/nu14224857
https://doi.org/10.3389/fpsyg.2022.920454
https://doi.org/10.3390/su15064791
https://doi.org/10.1016/j.scitotenv.2020.144782


 
Media Publ. Promosi Kesehat. Indones 9(5): 976-989 

Page | 988  
 
 

18. Kramm J, Steinhoff S, Werschmöller S, Völker B, Völker C. Explaining risk perception of microplastics: 

Results from a representative survey in Germany. Global Environmental Change. 2022 Mar;73:102485. 

Available from: https://doi.org/10.1016/j.gloenvcha.2022.102485  

19. Heidbreder LM, Steinhorst J, Schmitt M. Plastic-free July: An experimental study of limiting and promoting 

factors in encouraging a reduction of single-use plastic consumption. Sustainability. 2020 Jun 9;12(11):4698. 

Available from: https://doi.org/10.3390/su12114698   

20. Lee G, Jung J, Moon S, Jung J, Jhang K. Microscopic image dataset with segmentation and detection labels 

for microplastic analysis in sewage: Enhancing research and environmental monitoring. Microplastics. 2024 

May 17;3(2):264–75. Available from: https://doi.org/10.3390/microplastics3020016  

21. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process. 1991 Dec;50(2):179–211. 

Available from: https://doi.org/10.1016/0749-5978(91)90020-T    

22. Badan Pusat Statistik (BPS). 2023. Jumlah timbunan sampah menurut kecamatan. Available from: 

https://bogorkab.bps.go.id/id/statistics-table/2/MjAyIzI=/jumlah-timbunan-sampah-menurut-kecamatan.html  

23. Febriana K, Wahjuni S, Ismayana A. Optimasi distribusi truk pengangkut sampah menggunakan algoritma 

genetika pada sistem pengelolaan sampah Kota Bogor. Jurnal Teknologi Industri Pertanian. 2019 

Dec;29(3):260–8. Available from: https://doi.org/10.24961/j.tek.ind.pert.2019.19.3.260  

24. Omoyajowo KO, Raimi MO, Waleola TO, Odipe OE, Ogunyebi AL. Public health knowledge and perception 

of microplastics pollution: Lessons from the Lagos Lagoon. 2021. Available from: 

https://doi.org/10.21203/rs.3.rs-506361/v1  

25. Widayat W, Praharjo A, Putri VP, Andharini SN, Masudin I. Responsible consumer behavior driving factors 

of pro-environmental behavior toward post-consumption plastic packaging. Sustainability. 2021 Dec 

31;14(1):425. Available from: https://doi.org/10.3390/su14010425   

26. Yusuf SN, Mohd Elias S. Knowledge, perception and practice towards microplastic contamination in human 

body among community in Ampang, Selangor and the associated sociodemographic factors. Malaysian 

Journal of Medicine and Health Sciences. 2023 Dec 12;19(s14):56–70. Available from: 

https://doi.org/10.47836/mjmhs.19.s14.7  

27. Onel N, Mukherjee A. Consumer knowledge in pro-environmental behavior. World Journal of Science, 

Technology and Sustainable Development. 2016 Oct 3;13(4):328–52. Available from: 

https://doi.org/10.1108/wjstsd-01-2016-0004  

28. Slimak MW, Dietz T. Personal values, beliefs, and ecological risk perception. Risk Analysis. 2006 Dec 

15;26(6):1689–705. Available from: https://doi.org/10.1111/j.1539-6924.2006.00832.x  

29. Burger J, Greenberg M, Gochfeld M, Shukla S, Lowrie K, Keren R. Factors influencing acquisition of 

ecological and exposure information about hazards and risks from contaminated sites. Environ Monit Assess. 

2008 Feb 11;137(1–3):413–25. Available from: https://doi.org/10.1007/s10661-007-9777-0  

30. Azmi A, Abdul Rani SI, Mohamad Shaifuddin SN, Rajan S, Masngut MI, Megat Mokhtar MA, et al. 

Preliminary survey on knowledge and attitudes of university students regarding microplastic pollution and its 

impact on the environment. Malaysian Journal of Medicine and Health Sciences. 2023 Sep 11;19(5):168–74. 

Available from: https://doi.org/10.47836/mjmhs19.5.24    

31. Dopelt K, Radon P, Davidovitch N. ). Environmental effects of the livestock industry: The relationship 

between knowledge, attitudes, and behavior among students in Israel. Int J Environ Res Public Health. 2019 

Apr 16;16(8):1359. Available from: https://doi.org/10.3390/ijerph16081359  

32. Menzel C, Brom J, Heidbreder LM. Explicitly and implicitly measured valence and risk attitudes towards 

plastic packaging, plastic waste, and microplastic in a German sample. Sustain Prod Consum. 2021 

Oct;28:1422–32. Available from:  https://doi.org/10.1016/j.spc.2021.08.016  

33. Liu J, Zhu X, Teng J, Zhao J, Li C, Shan E, et al. Pollution characteristics of microplastics in mollusks from 

the coastal area of Yantai, China. Bull Environ Contam Toxicol. 2021 Oct 8;107(4):693–9. Available from: 

https://doi.org/10.1007/s00128-021-03276-7  

34. Prati G, Albanesi C, Pietrantoni L. The interplay among environmental attitudes, pro-environmental behavior, 

social identity, and pro-environmental institutional climate. A longitudinal study. Environ Educ Res. 2017 Feb 

7;23(2):176–91. Available from: https://doi.org/10.1080/13504622.2015.1118752  

https://doi.org/10.1016/j.gloenvcha.2022.102485
https://doi.org/10.3390/su12114698
https://doi.org/10.3390/microplastics3020016
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.24961/j.tek.ind.pert.2019.19.3.260
https://doi.org/10.21203/rs.3.rs-506361/v1
https://doi.org/10.3390/su14010425
https://doi.org/10.47836/mjmhs.19.s14.7
https://doi.org/10.1108/wjstsd-01-2016-0004
https://doi.org/10.1111/j.1539-6924.2006.00832.x
https://doi.org/10.1007/s10661-007-9777-0
https://doi.org/10.47836/mjmhs19.5.24
https://doi.org/10.3390/ijerph16081359
https://doi.org/10.1016/j.spc.2021.08.016
https://doi.org/10.1007/s00128-021-03276-7
https://doi.org/10.1080/13504622.2015.1118752


 

Microplastic Threats: Urban–Rural Differences in Knowledge, Risk, and Psychosocial Factors among Households   

Page | 989  
 
 

35. Hynes N, Wilson J. I do it, but don’t tell anyone! Personal values, personal and social norms: Can social media 

play a role in changing pro-environmental behaviours? Technol Forecast Soc Change. 2016 Oct;111:349–59. 

Available from: https://doi.org/10.1016/j.techfore.2016.06.034  

36. Völker C, Kramm J, Wagner M. On the creation of risk: Framing of microplastics risks in science and media. 

Global Challenges. 2020 Jun 31;4(6). Available from: https://doi.org/10.1002/gch2.201900010  

37. Thiele CJ, Hudson MD. Uncertainty about the risks associated with microplastics among lay and topic-

experienced respondents. Sci Rep. 2021 Mar 30;11(1):7155. Available from: https://doi.org/10.1038/s41598-

021-86569-5  

38. Zeng J, Jiang M, Yuan M. Environmental risk perception, risk culture, and pro-environmental behavior. Int J 

Environ Res Public Health. 2020 Mar 7;17(5):1750. Available from: https://doi.org/10.3390/ijerph17051750  

39. Cheng H, Bian Q, Mao Q. How can internet use and environmental risk perception encourage pro-

environmental behaviors? The mediating role of government performance perception. Pol J Environ Stud. 

2022 Dec 8;31(6):5621–31. Available from: https://doi.org/10.15244/pjoes/152225  

40. Lacroix K, Gifford R. Psychological barriers to energy conservation behavior: The role of worldviews and 

climate change risk perception. Environ Behav. 2018 Aug 23;50(7):749–80. Available from: 

https://doi.org/10.1177/0013916517715296  

41. Escario JJ, Rodriguez-Sanchez C, Casaló L V. The influence of environmental attitudes and perceived 

effectiveness on recycling, reducing, and reusing packaging materials in Spain. Waste Management. 2020 

Jul;113:251–60. Available from: https://doi.org/10.1016/j.wasman.2020.05.043   

42. Raab P, Bogner FX. Conceptions of university students on microplastics in Germany. PLoS One. 2021 Sep 

23;16(9):e0257734. Available from: https://doi.org/10.1371/journal.pone.0257734  

43. Larson LR, Stedman RC, Cooper CB, Decker DJ. Understanding the multi-dimensional structure of pro-

environmental behavior. J Environ Psychol. 2015 Sep;43:112–24. Available from: 

https://doi.org/10.1016/j.jenvp.2015.06.004  

44. Tang H, Ma Y, Ren J. Influencing factors and mechanism of tourists’ pro-environmental behavior – Empirical 

analysis of the CAC-MOA integration model. Front Psychol. 2022 Nov 28;13. Available from: 

https://doi.org/10.3389/fpsyg.2022.1060404  

45. Wang B, Li Y. Consumers’ intention to bring a reusable bag for shopping in China: Extending the theory of 

planned behavior. Int J Environ Res Public Health. 2022 Mar 18;19(6):3638. Available from: 

https://doi.org/10.3390/ijerph19063638  

46. Wasli SMM, Ling LS, Kiew JP, Ling PS. Kindly enhanced my responsibility and consciousness before asking 

me to purchase green products. International Journal of Academic Research in Business and Social Sciences. 

2022 Aug 26;12(8). Available from: https://doi.org/10.6007/ijarbss/v12-i8/14524  

47. Zuo S, Cai P, Huang N, Wang F, Wang P. Population migration damages the natural environment: A multilevel 

investigation of the relationship between residential mobility and pro-environmental behaviors. Pers Soc 

Psychol Bull. 2023 May 2;49(5):758–72. Available from: https://doi.org/10.1177/01461672221079451   

48. Karimi S, Liobikienė G, Saadi H, Sepahvand F. The influence of media usage on Iranian students’ pro-

environmental behaviors: An application of the extended theory of planned behavior. Sustainability. 2021 Jul 

25;13(15):8299. Available from: https://doi.org/10.3390/su13158299  

49. Çöp S, Alola UV, Alola AA. Perceived behavioral control as a mediator of hotels’ green training, 

environmental commitment, and organizational citizenship behavior: A sustainable environmental practice. 

Bus Strategy Environ. 2020 Dec 22;29(8):3495–508. Available from: https://doi.org/10.1002/bse.2592   

 

https://doi.org/10.1016/j.techfore.2016.06.034
https://doi.org/10.1002/gch2.201900010
https://doi.org/10.1038/s41598-021-86569-5
https://doi.org/10.1038/s41598-021-86569-5
https://doi.org/10.3390/ijerph17051750
https://doi.org/10.15244/pjoes/152225
https://doi.org/10.1177/0013916517715296
https://doi.org/10.1016/j.wasman.2020.05.043
https://doi.org/10.1371/journal.pone.0257734
https://doi.org/10.1016/j.jenvp.2015.06.004
https://doi.org/10.3389/fpsyg.2022.1060404
https://doi.org/10.3390/ijerph19063638
https://doi.org/10.6007/ijarbss/v12-i8/14524
https://doi.org/10.1177/01461672221079451
https://doi.org/10.3390/su13158299
https://doi.org/10.1002/bse.2592

