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Background: Identifying factors that may influence waste separation behavior can lead to more effective waste separation, better recycling plans in a community, and more effective and efficient waste management interventions. The purpose of the survey was to identify the key factors behind such behavior.
Methods: The scientific inquiry was cross-sectional in nature, took place in Tabriz, Iran, and employed multistage random sampling to recruit the study’s 360 participants. The data collection process took place between September 2018 and February 2019. A Theory of Planned Behavior-driven questionnaire was developed by the research team for the purpose of data collection. The structural equation modeling (SEM) approach was deployed for data analysis.
Results: The structural equation modeling of the data showed the most important determinants of behavioral intention were perceived behavioral control (β = 0.39, p < 0.05), moral commitments (β = 0.19, p < 0.05), and perceived policy effectiveness (β = 0.12, p < 0.05). The strongest determinants of waste separation behavior were behavioral intention (β = 0.29, p < 0.05) and perceived behavioral control (β = 0.25, p < 0.05). In addition, age-group and gender differences were statistically related to waste separation behavior significantly (p < 0.05).
Conclusion: Recycling investors and other stakeholders should focus on perceived behavioral control and intention in designing and implementing waste separation programs.
Keywords: theory of planned behavior, waste separation, waste management, recycling, Iran
INTRODUCTION
Population growth and industrial development are major factors for producing huge amounts of Municipal Solid Waste (MSW), especially in developing countries, which have fast population increase and urbanization (Akhtar et al., 2017; Babazadeh et al., 2018a). In many developing countries, in addition to the fast population growing, numerous problems such as lack of cooperation between organizations, Insufficient financial resources, and lack of technical skills in municipal authorities has caused the poor management of MSW (Babazadeh et al., 2018b).
Solid waste that is not properly collected and disposed can be a breeding ground for insects, vermin, and scavenging animals that may result in air- and water-borne diseases (Hoornweg and Bhada-Tata, 2012). For example, surveys conducted by UN-Habitat show that in areas where waste is not collected frequently, the incidence of diarrhea is twice as high and acute respiratory infections six times higher than in areas where collection is frequent (UN-HABITAT, 2010). Additionally, poorly managed waste has negative impacts on fragile terrestrial, coastal and marine ecosystems, tourism (Hoornweg and Bhada-Tata, 2012) and greenhouse gas (GHG) emissions (Chen and Lo, 2016). Post-consumer waste is estimated to account for nearly 5% of total GHG emissions (Wilson et al., 2015).
The proper management of MSW in developed countries (e.g., United States, Germany, Japan) has been due to a move from a landfill-based waste management system to a more integrated one, which is considered to be the key towards a successful treatment of MSW (Zhuang et al., 2008; Memon, 2010). Waste separation is a critical component of a successful integrated waste management system (Adeniran et al., 2017), because it increases the quality of the produced compost and recyclables, and optimizes incineration. Additionally, it enables better financing of waste management activities and minimizes the energy and labor inputs to any downstream processes (Zhuang et al., 2008) and also, it can be used in the tire industry (Fathollahi-Fard et al., 2021), lighting industry (Mirzagoltabar et al., 2021), and walnut industry (Salehi-Amiri et al., 2021) by closed-loop supply chain network. The closed-loop supply chains efficiency is improved by pricing and advertising decisions, strict environmental and social legislations (Asghari et al., 2022) and especially, is affected by during the COVID-19 pandemic (Moosavi et al., 2022).
Previous studies suggest that several factors, namely, pro-environmental attitude, opportunity cost, recycling knowledge, and social norms may be effective in recycling/source separation activities (Matsumoto, 2014; Arkorful et al., 2022), subjective norms, moral norms, convenience, and the cost to recycle (Juliana et al., 2022), financial incentives and frequency of waste collection (Grodzińska-Jurczak et al., 2006; Castagna et al., 2013). The results of the study demonstrated that attitudes, subjective norms, and perceived behavioral control affected the intention of millennial consumers to decrease the use of plastic drinking bottles (Raimondo et al., 2022). An Italian study concluded that waste management process is optimized when both citizens and local government behave appropriately (Agovino et al., 2018). Some reports suggest that effective policies in the field of waste management are instrumental in positively affecting household recycling behaviors (Lee and Jung, 2017; Morlok et al., 2017; Andersson and Stage, 2018). For example, it is reported that collecting food waste separately is more effective than imposing weight-based tariffs to reduce the waste destined for incineration (Andersson and Stage, 2018).
Theory of Planned Behavior (TPB) is a frequently used framework for determining behaviors. The TPB was presented by Fishbein and Ajzen (1980) and has been extensively utilized in the prediction of health-related behaviors and the design of behavior change interventions (Taghdisi et al., 2016; Babazadeh et al., 2017). In the study conducted in Italy in 2022, the Theory of Planned Behavior (TPB) was successful in predicting behavior regarding reduced plastic drinking bottle consumption (Raimondo et al., 2022). In the study by Wang et al. (2021), environmental regulation played the most important role on behavioral intention for household waste sorting and behavior affected by intention and perceived behavior control for household waste sorting. A study conducted in Thailand revealed knowledge and subjective norm were two important determinants of the respondents’ intention that had a strong influence on household waste separation behavior (Pongpunpurt et al., 2022). A study by Bardus and Massoud (2022) showed perceived behavioral control, perceived norms, and current behavior were the strongest predictors of intention toward separating waste. The research of the study conducted utilizing TPB in Shanghai (2022) demonstrated that attitude, subjective norms, and perceived behavioral control were significantly associated with residents’ waste sorting intention and proved sorting behavior was affected by sorting intention (Govindan et al., 2022). The results of another study revealed subjective norms and environmental attitudes were significantly associated with pro-environmental intention. Also, pro-environmental intention and perceived behavioral control were related to pro-environmental behaviors (Karimi et al., 2022). Hence, the study outcomes can help policymakers and stockholders in terms of formulating laws and regulations to enhance waste separation behavior and recycling plans in a community.
Despite its success in investigating the determinants of various kinds of behavior, the conventional TPB framework was argued to be necessary for the more explaining complex behavior, such as solid waste source separation, and that additional variables should be incorporated (Ajzen, 1991; Davies et al., 2002). Consequently, in our study, we added moral obligation and effectiveness to the model. The perceived moral commitment is defined as an individual’s judgment of moral correctness of performing a specific behavior and was included in the TPB to improve predictive validity (Ajzen, 1991) and explain waste separation behaviors (Pakpour et al., 2014; Xu et al., 2017). The purpose of the study was to examine the determinants of Source Separation of Waste (SSW), utilizing the modified TPB model.
METHODS
Setting
The study was conducted in Tabriz (capital of East Azerbaijan Province, Iran). The temperature typically ranges from 6.8 to 15.7°C, annual precipitation is approximately 250–300 mm, and the population, as of 2016, was 1,773,033 (Cencus, 2016). 1,200 tonnes of garbage per person are produced in Tabriz, Iran, according to a study by Zazouli et al. (2012). The most common constituents of this waste are organic materials (58.5%) and recyclable materials (including paper, plastic, metals, and glass) (26.2%). They came to the conclusion that around 85% of Tabriz’s waste can be recycled, which could significantly lower environmental pollution (Zazouli et al., 2012).
Study design and data collection
This cross-sectional study was conducted between September 2018 and February 2019. Multistage random sampling was employed to recruit the study’s participants, who had to be at least 15 years old. Specifically, in each of Tabriz’s 10 municipalities, two health centers were randomly selected. The 20 health centers’ records were used to randomly select individuals. The sample size based on the study of Babaei et al. (2015), and using G*Power software, p = 0.24, d = 0.05, and z = 1.96, β = 0.8, was estimated 390 people. All of the participants were invited to the study, of which 360 accepted the invitation (response rate = 92.30%), were informed of the purpose of the study, and signed informed consent forms. Face-to-face interviews by three trained interviewers were conducted to collect the data, each lasting approximately 20 min.
Instrumentation
A TPB-driven questionnaire was developed by the research team for the purpose of data collection, utilizing previously published instruments (Xu et al., 2017; Ma et al., 2018). A panel of experts (12 health educators, 4 environmentalists, and 2 waste management authorities) examined the content validity of the questionnaire and their feedback was used to finalize it, which was then pilot-tested by 30 residents of Tabriz to assess its utility and reliability. A brief description of the questionnaire is as follows:
A) Socio-demographic Variables: Data on age, gender, marital status, education, income, and occupational status were collected to describe the sample
B) TPB Measures: The TPB constructs were displayed in Table 1.
TABLE 1 | Details of the employed TPB questionnaire.
[image: Table 1]C) Waste separation behavior, the outcome measure, was assessed by obtaining data on how often nine various wastes (i.e., paper, glass, kitchen waste, battery, discarded plastic bottles, cans, metal objects, renewable plastics, and cloths) were separated during the previous 12 months. The responses were coded as 1 = never, 2 = seldom, 3 = occasionally, 4 = regularly, and 5 = always. Cronbach’s Alpha for this scale was 0.90.
The sum of the responses to the items in each construct was used to compute the scale score. Higher the score, higher the behavior.
Data analysis
Descriptive statistics were employed to summarize the data. Median was used for the purpose of missing data imputation. To determine the relationship between attitude, subjective norms, perceived behavioral control, perceived moral obligation with intention and waste separation Structural Equation Modeling (SEM) was conducted, utilizing maximum-likelihood estimates (Sodani et al., 2012). All attitude, subjective norms, perceived behavioral control, and perceived moral obligation variables with intention and waste separation were combined into a single SEM. An acceptable fit was confirmed if root mean square errors of approximation (RMSEA) < 0.08; comparative fit index (CFI) and standardized root mean square residual (SRMR) < 0.05 (Ciftci et al., 2006; Powers et al., 2008). The Stata/SE, version 12.0, software was used for the purpose of data analysis (Stata Corp., College Station, TX, United States). The level of significance was set, a priori, at 0.05.
Ethical considerations
The study received ethical approval from the Tabriz University of Medical Sciences Ethics Committee (Ethical Code/Number, IR. TBZMED.REC. 1,395.864).
RESULTS
The majority of the 360 participants were less than 29 years old (56.60%), male (55.80%), self-employed (61.40%), and bachelor’s degree was the mode for their highest level of education (46.40%). Age-group and gender differences based on the outcome measure of waste separation behavior were statistically significant (See Table 2).
TABLE 2 | Means and standard deviations by selected demographic characteristics for waste separation behavior.
[image: Table 2]A series of Pearson Product-Moment Correlation Coefficient was performed. As can be seen in Table 3, all bivariate associations among the TPB variables as well as the associations between them and the outcome measure of waste separation behavior were statistically significant at the 0.05 level.
TABLE 3 | Correlation matrix for all study variables.
[image: Table 3]The results of the structural model and fit indices, X2 = 3.18, df = 2, X2/df = 1.59, N = 360, RMSEA = 0.00, CFI = 0.99, TLI = 0.96, SRMR = 0.01, RSMEA = 0.04, CI: 0.00 to 0.12, showed a satisfactory fit. The most important determinants of behavioral intention were perceived behavioral control (β = 0.39, p < 0.05), moral commitments (β = 0.19, p < 0.05), and perceived policy effectiveness (β = 0.12, p < 0.05), suggesting that behavioral intention is increased by higher perceived behavioral control, moral commitments, and perceived policy effectiveness. The most powerful determinants of waste separation behavior were behavioral intention (β = 0.29, p < 0.05) and perceived behavioral control (β = 0.25, p < 0.05); that is, the outcome is increased by behavioral intention and perceived behavioral control. The model is depicted in Figure 1.
[image: Figure 1]FIGURE 1 | Cognitive predictors of waste separation behavior.
DISCUSSION
The results of this study showed that behavioral intention has been most important in the predicting of waste separation behavior. Xu et al. (2017), in their Chinese study, also found strong intention was associated with this behavior. In other studies, Wang et al. (2021) in China, found behavior affected by intention and perceived behavior control for household waste sorting and Pongpunpurt et al. (2022) in Thailand, revealed knowledge and subjective norm were two important determinants of the respondents’ intention that had a strong influence on household waste separation behavior. In another study, Zhang et al. (2015) in China indicated that waste separation behavioral intentions had a significant positive influence on waste separation behavior. These findings indicate that increased intention of waste separation behavior can significantly improve the behavior. In this study, it was found that perceived behavioral control was the strongest determinant of behavioral intention, positively affecting the outcome, which is consistent with previous studies (Arı and Yılmaz, 2016; Wan et al., 2017; Bardus and Massoud, 2022; Govindan et al., 2022). The findings reflect that residents’ behavioral intentions were largely dependent on their self-control abilities. Furthermore, subjective norms were not associated with the intention of waste separation at source, which was in line with the results of study conducted by Agovino et al. (2018), although opposite conclusions were also obtained on recycling behaviors in Hong Kong (Wan et al., 2014a), in Italy (Raimondo et al., 2022) and Iran (Pakpour et al., 2014). This may be because waste source-separated collection has not been sufficiently established in Tabriz to provide strong norms so that the respondents did not think they were under significant social pressure for their waste separation behaviors.
Ajzen (1991) had suggested the addition of moral obligations or norms to the TPB model to improve its predictive validity, which we did and found it to be an important determinant of individuals’ separation intention. This finding is consistent with previous studies (Zhang et al., 2015; Xu et al., 2017), suggesting that strategies aimed at emphasizing individuals’ moral motivations are important in promoting household waste separation behaviors. Cultivating residents’ responsibility to protect the environment and promote traditional virtues have the potential to be effective.
Similar to our findings, another study also showed perceived environmental policies could be useful in promoting source separation behaviors (Steg and Vlek, 2009). Wan et al. (2014b) suggested a framework that combined the TPB and the Norm Activation Model (NAM) to determine recycling behaviors, utilizing policy effectiveness as a moderating factor, which had a negative role between subject norm and recycling intention. We also found no relation between perceived policy effectiveness and waste separation behaviors; however, it was correlated with the moderating factor of intention.
To better understand the results, we examined the waste separation behavior in relation to a few selected demographic variables and found differences due to age and gender. Specifically, older people in our study were more likely to take part in waste separation, which is also supported by Pakpour et al. (2014) in Iran and Pearson et al. (2012) in Texas, because they may have the free time to tend to the task or committed to conserve resources for future generations. Similar to another study (Davies et al., 2002), the prevalence of the behavior among women in our study was were more compared to men, suggesting that specific educational materials should be developed to encourage them to actively participate in household waste separation activities.
CONCLUSION
We investigated factors that may influence Tabriz residents’ source separation intention and behaviors for improving recycling system by extending the Theory of Planned Behavior to include perceived moral obligation and effectiveness policies. We found urban residents’ source separation intentions were positively influenced by higher perceived behavioral control, moral commitments, and perceived policies effectiveness, while constructs of intention and perceived behavioral control were useful in predicting waste separation behaviors. These findings show needs of the future research that effective policies and strategies should be developed and implemented to encourage concerned individuals to actively participate in waste separation by promoting environmental awareness messaging, informing them of moral obligations, and focusing on creating a sense of responsibility for environmental protection. There were some limitations in this study. First, as data collection method in the present study was based on self-report by citizens, recall bias is warranted. The second limitation is that the generalizability of the findings is limited to Tabriz city. As well as, as a limitation for the present study, we only used one method for data collection. This means that no other complementary method was used to confirm the findings. Having a mixed approach to triangulate the quantitative findings with qualitative ones may have provided us with a high level of internal validity. Using different methods in data collection could help the team of research in checking the reliability and validity of the data.
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