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ABSTRACT 

	Background: Detergent waste has become a significant environmental issue in urban areas, particularly in communities living along canal systems where domestic wastewater is often discharged directly without treatment. This practice contributes to water pollution and environmental degradation.
Aims: This study aims to analyze the influence of knowledge, motivation, and attitudes on community behavior in managing detergent waste in Makassar City.
Study design: This study employed a quantitative approach using a survey method with an ex post facto design.
Place and Duration of Study: The study was conducted among households living along canal areas in Makassar City, Indonesia.
Methodology: A total of 200 households were selected using proportional stratified random sampling. Data were collected through structured questionnaires and analyzed using Structural Equation Modeling based on Partial Least Squares (SEM-PLS).
Results: The results indicate that community knowledge is relatively high in factual and conceptual aspects but low in procedural aspects. Community attitudes are generally positive; however, waste management behavior remains low, particularly in management and control practices. SEM analysis shows that knowledge of waste management and attitudes have a significant effect on behavior, while motivation does not have a significant effect. Furthermore, no significant mediating effects were identified.
Conclusion: Behavioral change in detergent waste management is influenced not only by knowledge and attitudes but also by contextual factors such as habits and the availability of facilities. Therefore, practice-based education and infrastructure support are necessary to promote more effective and sustainable waste management.
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1. INTRODUCTION

Detergent waste is one of the complex environmental issues in urban areas that tends to be overlooked in domestic waste management. Household activities such as washing clothes and kitchen utensils generate wastewater that is generally discharged directly into drainage systems without prior treatment. This practice has the potential to cause environmental pollution, particularly in surface water bodies such as rivers and canals commonly found in urban areas. 

Low public awareness is a major factor exacerbating this condition. Most people do not fully understand the long-term impacts of detergent waste on the environment and human health. In addition, excessive use of detergents remains a common habit, based on the assumption that using more detergent results in cleaner washing outcomes. In fact, this practice increases the pollutant load entering the environment. The preference for conventional detergents, which are more affordable and easily accessible compared to environmentally friendly alternatives, further intensifies this problem.

Chemically, detergents contain surfactants, phosphates, and various additives with high pollution potential. Surfactants can reduce water surface tension and are toxic to aquatic organisms, while phosphates contribute to eutrophication, leading to algal blooms and decreased dissolved oxygen levels (Ying, 2006; Olkowska et al., 2019). Other studies indicate that domestic waste, including detergents, is a major contributor to increased Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) in urban waters (Zhang et al., 2021). This condition disrupts aquatic ecosystems and reduces biodiversity.

In urban contexts, the burden of detergent waste pollution continues to increase along with population growth and domestic activities. Global household detergent consumption is estimated at 40–60 grams per day per household (AISE, 2020). Considering the population of Makassar City, which reached approximately 1.47 million in 2024, total detergent consumption potentially reaches hundreds to thousands of tons annually, ultimately becoming domestic wastewater. This highlights detergent waste as a significant source of pollution that requires serious attention in urban environmental management.

The issue becomes more complex in areas with limited domestic wastewater treatment infrastructure. Although some cities have developed centralized wastewater treatment systems, service coverage is often still limited, resulting in most domestic waste being discharged directly into water bodies without adequate treatment (World Bank, 2020). This condition is also common in many developing cities in Southeast Asia, where sanitation systems are not yet fully integrated with community behavior (ADB, 2021).

On the other hand, environmentally friendly detergent innovations have developed rapidly. Biodegradable detergents with plant-based surfactants have been shown to have higher degradation rates and lower environmental impacts compared to conventional detergents (Sanchez et al., 2020). However, their adoption remains low due to factors such as cost, availability, and lack of public education. Beyond technical and economic aspects, community behavior plays a crucial role in detergent waste management. Behavior is influenced by knowledge, attitudes, and motivation. Within the framework of the Theory of Planned Behavior, attitude is a key determinant that bridges knowledge and actual behavior (Ajzen, 1991). Recent studies show that increased environmental knowledge significantly shapes positive attitudes, which in turn encourage pro-environmental behavior (Han, 2021; Nguyen et al., 2022).

Based on this background, detergent waste issues are not only related to technical aspects but are also strongly influenced by community behavior. Therefore, this study aims to analyze the influence of knowledge, motivation, and attitudes on community behavior in managing detergent waste in Makassar City using Structural Equation Modeling based on Partial Least Squares (SEM-PLS). The findings of this study are expected to contribute to the development of more effective and sustainable domestic waste management strategies based on behavioral change.

2. methods

This study was conducted among communities residing in canal-side areas in Makassar City. The selection of this location was based on its direct connection to the urban drainage system, making it highly susceptible to receiving domestic wastewater, including detergent waste. According to data from the Central Statistics Agency (BPS, 2024), the population of Makassar City reached 1,474,393 people, distributed across 15 districts and 153 sub-districts. Households were selected as the unit of analysis, as they represent the primary source of domestic waste generation.

This study employed a quantitative approach using a survey method with an ex post facto design. The survey method was used to collect empirical data from respondents through structured questionnaires, allowing for systematic measurement of variables within a representative population. The ex post facto approach was applied to examine causal relationships based on existing conditions without any manipulation of variables by the researcher.

The population of this study consisted of all households located in Tallo District, Makassar City. The sample size was determined to be 200 households distributed across 15 sub-districts. The sampling technique used was proportional stratified random sampling, aimed at ensuring representation from each sub-district based on population proportion. The number of samples in each sub-district was determined proportionally according to population size, thereby enhancing representativeness and minimizing potential bias.

Data were collected using structured questionnaires designed to measure respondents’ levels of knowledge, attitudes, motivation, and behavior related to detergent waste management. A Likert scale was employed to capture respondents’ level of agreement with each statement. Prior to data collection, the instrument was tested for validity and reliability to ensure that each indicator accurately and consistently measured the intended constructs. Data analysis was conducted using Structural Equation Modeling (SEM) based on Partial Least Squares (PLS). This approach was selected due to its ability to analyze complex relationships among latent variables simultaneously. The analysis also included testing both direct and indirect effects to identify the mediating roles of attitudes and motivation in shaping community behavior.

3. results and discussion

3.1 Result

The respondents in this study were communities residing along the Tallo canal area in Makassar City. These communities have a high level of vulnerability to environmental degradation while also playing a crucial role in controlling domestic waste pollution. As groups that directly interact with the canal flow system, their behavioral characteristics are influenced by the surrounding environmental conditions. Therefore, descriptive analysis is essential to understand the initial conditions of the community before conducting structural model testing. This analysis also helps identify general patterns and potential gaps between knowledge, attitudes, and actual practices in domestic waste management.

3.1.1 Descriptive Analysis of Research Variables

This study first presents the results of descriptive analysis for all variables examined, namely knowledge, attitudes, motivation, and community behavior in detergent waste management. The purpose of this analysis is to identify general tendencies and the distribution levels of each variable among respondents living in canal-side areas of Tallo in Makassar City.

Knowledge of detergent waste refers to the level of individual understanding regarding the characteristics, composition, and environmental impacts of detergent waste. This variable reflects the extent to which the community understands that detergent waste contains chemical substances such as surfactants and phosphates that can pollute water, degrade water quality, and disrupt ecosystem balance. It also includes knowledge of how detergent waste enters the environment, particularly through drainage systems connected to canals in residential areas. The higher the level of knowledge, the greater the likelihood that individuals are aware of environmental risks.

Knowledge of detergent types refers to individuals’ understanding of different types of detergents used in daily life, including conventional and environmentally friendly products. This includes knowledge of chemical composition, biodegradability, and environmental and health impacts, as well as the ability to select safer and more eco-friendly products. Knowledge of detergent usage focuses on individuals’ understanding of proper and efficient detergent use, including dosage, frequency of use, and washing habits that can minimize waste generation. Excessive detergent use increases pollution loads and reflects inefficient resource use. Therefore, adequate knowledge is expected to reduce household waste generation.

Knowledge of detergent waste management refers to individuals’ understanding of how to handle and treat detergent waste before it is discharged into the environment. This includes knowledge of domestic waste treatment, simple technologies, and practical methods such as filtration or the use of natural materials to reduce pollution impacts.

Table 1. Description of Knowledge Variables

	Variables
	Indicator
	Value

	Detergent Waste Knowledge
	Facts
	0.70

	
	Concepts
	0.65

	
	Procedural
	0.35

	Knowledge of Detergent Types
	Facts
	0.52

	
	Concepts
	0.60

	
	Procedural
	0.55

	Knowledge of Detergent Use
	Facts
	0.53

	
	Concepts
	0.80

	Knowledge of Detergent Waste Management
	Facts
	0.60

	
	Concepts
	0.60

	
	Procedural
	0.40



The descriptive analysis results indicate that community knowledge varies across indicators. In the detergent waste knowledge variable, factual (0.70) and conceptual (0.65) indicators show that respondents possess relatively good basic understanding. However, the procedural indicator is significantly lower (0.35), indicating limited practical knowledge. A similar pattern is observed in waste management knowledge, where factual and conceptual aspects score 0.60, while procedural knowledge remains low at 0.40.

In the knowledge variable of detergent types, the indicator values ​​are relatively more balanced, namely facts (0.52), concepts (0.60), and procedures (0.55), which indicates that the public has a sufficient understanding of the variety of detergents used in everyday life. Meanwhile, in the knowledge variable of detergent use, the concept indicator has the highest value (0.80), while the fact indicator is at a value of 0.53. This indicates that respondents have a better understanding of the general principles of detergent use than the factual aspects related to the impact of its use.

Overall, these findings indicate that public knowledge is more focused on basic cognitive aspects (facts and concepts) than procedural aspects. This indicates a gap between understanding and implementation skills in detergent waste management at the household level. The public generally recognizes that detergent waste has the potential to pollute the environment, but does not yet fully understand the technical steps that can be taken to mitigate this impact in everyday practice.

These findings align with research by Debrah et al. (2021), which states that environmental knowledge is not always directly proportional to behavior. Without the support of practical skills and other contextual factors, increased knowledge tends not to be followed by behavioral changes. This indicates that increased knowledge alone is not enough to encourage behavioral change if it is not accompanied by applicable understanding that can be directly implemented by the community. Furthermore, the results of this study are also supported by Nguyen et al. (2022), who emphasize that environmental knowledge consists of several dimensions, one of which is action-related knowledge or procedural knowledge that plays a crucial role in shaping pro-environmental behavior, as it is directly related to an individual's ability to take appropriate action (Geiger et al., 2019). Therefore, educational efforts are needed that not only focus on improving conceptual understanding but also on strengthening practical aspects through training, outreach, and providing real-world examples of detergent waste management in the community.

In addition to cognitive aspects, this study also examines motivational variables, which reflect individuals' internal and external motivations for managing detergent waste. Motivation reflects the extent to which people are willing to change their habits, whether due to personal awareness, social influences, or existing regulations. A high level of motivation is expected to strengthen individuals' inclination to adopt more environmentally friendly practices.

The attitude variable in this study refers to an individual's evaluative tendencies toward the issue of detergent waste pollution and the importance of maintaining environmental quality. Attitude encompasses an individual's perception, concern, and assessment of the impact of detergent waste on the surrounding environment. A positive attitude toward the environment is a crucial factor in encouraging more responsible behavior. The community behavior variable represents a concrete manifestation of individual actions in the use and management of detergent waste. This variable encompasses detergent use practices, waste disposal habits, and efforts to reduce the impact of pollution. This behavior serves as a primary indicator in assessing the extent to which the community has implemented environmental management principles in their daily lives.

Table 2. Description of Variables

	Variables
	Indicator
	Value

	Motivation for Detergent Waste Management
	Goals
	3.13

	
	Expectations
	2.87

	
	Rewards
	4.25

	Attitudes Toward Detergent Waste Management
	Affective
	4.34

	
	Cognitive
	4.05

	
	Conative
	4.10

	Community Behavior in Detergent Waste Management
	Efficient Detergent Use
	3.86

	
	Detergent Waste Management
	2.45

	
	Detergent Waste Control
	2.65



Descriptive analysis results show that community motivation in detergent waste management in Makassar City varies across indicators. The reward indicator had the highest score (4.25), followed by goals (3.13), and expectations (2.87) were relatively lower. This indicates that community motivation is more influenced by external factors than internal motivation, so strengthening intrinsic motivation is still needed to encourage sustainable behavior change.

In the attitude variable, the community showed a positive tendency with high scores on the affective (4.34), cognitive (4.05), and conative (4.10) indicators. This finding indicates that the community has a good perception, understanding, and tendency to act on the importance of detergent waste management, although it has not been fully implemented in real practice. Meanwhile, in the behavior variable, there is a mismatch between attitudes and actions. Although the indicator for saving detergent use is quite high (3.86), the management (2.45) and waste control (2.65) indicators are still low. This indicates that detergent waste management practices are not optimal and reflects a gap between positive attitudes and the implementation of community behavior.

These findings align with Ajzen's (1991) research in the Theory of Planned Behavior, which states that positive attitudes do not always directly result in behavior without the support of other factors such as behavioral control and social norms. Furthermore, research by Linder et al. (2022) and Fitriana et al. (2019) also confirms that pro-environmental behavior is influenced by a combination of motivational factors, habits, and the availability of supporting facilities. Therefore, it can be concluded that although the community already has relatively good motivation and attitudes, the implementation of behavior in detergent waste management still needs to be improved. Therefore, interventions are needed that not only focus on increasing awareness but also on strengthening intrinsic motivation and providing adequate facilities and environmental support to encourage more effective and sustainable behavior change.

Following the implementation of the ALICA model, a substantial improvement was observed across all attitude indicators, with the average posttest score increasing to 84.14, categorized as very high. The shift from low to high and very high categories demonstrates that the ALICA model not only enhanced cognitive aspects but also significantly influenced the affective domain. The Coordination and Action stages, which emphasize active participation and hands-on field practice, contributed to strengthening community commitment, environmental concern, and readiness to implement green infrastructure as a sustainable riverbank protection strategy.

3.1.2 SEM-PLS Results

The results of the measurement model evaluation (outer model) showed that in the initial stage there were still several indicators that did not meet the validity and reliability criteria, especially in the outer loading value, Cronbach's Alpha, and AVE. Therefore, elimination was carried out on the indicators that did not meet the requirements. After elimination, all remaining indicators have met the convergent validity criteria with an outer loading value > 0.70 and AVE > 0.50. In addition, the composite reliability value of all constructs is above 0.70, which indicates that the measurement model is valid and reliable, so it is worthy to proceed to the structural model testing stage (inner model). The following is the model evaluation table:

Table 3. Paired Sample t-Test of Knowledge

	Variable
	Indicator
	Outer Loading
	Cronbach’s Alpha
	Composite Realibility
	AVE

	Knowledge of Detergent Waste (X1)
	Factual (X11)
	0,778
	0,751
	0,727
	0,572

	
	Conceptual (X12)
	0,734
	
	
	

	Knowledge of Detergent Types (X2)
	Procedural (X23)
	1,00
	1,00
	1,00
	1,00

	Knowledge of Detergent Use (X3)
	Factual (X31)
	0,864
	0,725
	0,842
	0,727

	
	Conceptual (X32)
	0,842
	
	
	

	Knowledge of Detergent Waste Management (X4)
	Factual (X41)
	1,00
	1,00
	1,00
	1,00

	Motivation for Detergent Waste Management (Z1)
	Goals (Z11)
	0,714
	0,700
	0,830
	0,620

	
	Expectation (Z12)
	0,828
	
	
	

	
	Rewards (Z13)
	0,815
	
	
	

	Attitudes Toward Detergent Waste Management (Z2)
	Cognitive (Z22)
	1,00
	1,00
	1,00
	1,00

	Community Behavior in Detergent Waste Management (Y)
	Detergent Waste Control (Y3)
	1,00
	1,00
	1,00
	1,00




The results of the measurement model evaluation (outer model) indicated that all indicators met convergent validity criteria, as indicated by outer loading values ​​above 0.70. Furthermore, the reliability test results indicated that all constructs met the reliability criteria, with Cronbach's Alpha and Composite Reliability values ​​above 0.70. The Average Variance Extracted (AVE) value also indicated that all variables met convergent validity criteria (>0.50). Thus, the measurement model was declared valid and reliable, making it suitable for proceeding to the structural model analysis stage (inner model). Furthermore, the model was analyzed using bootstrapping techniques using PLS. This hypothetical study used a significance level of 0.05. The direct and indirect effects in this study can be identified as follows:
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Fig. 1. Structural Equation Model (SEM)

Table 4. Direct Effect

	Path Structure
	T-Statistics
	P-Value
	Results

	Motivation for Detergent Waste Management (Z1) → Community Behavior in Detergent Waste Management (Y)
	0,634
	0,526
	Rejected

	Knowledge of Detergent Types (X2) → Motivation for Detergent Waste Management (Z1)
	2,022
	0,044
	Accepted

	Knowledge of Types of Detergents (X2) → Community Behavior in Detergent Waste Management (Y)
	1,440
	0,150
	Rejected

	Knowledge of Detergent Types (X2) → Attitudes towards Detergent Waste Management (Z2)
	1,215
	0,225
	Rejected

	Detergent Waste Knowledge (X1) → Detergent Waste Management Motivation (Z1)
	0,256
	0,798
	Rejected

	Knowledge of Detergent Waste (X1) → Community Behavior in Detergent Waste Management (Y)
	0,415
	0,679
	Rejected

	Detergent Waste Knowledge (X1) → Detergent Waste Management Attitude (Z2)
	0,718
	0,473
	Rejected

	Knowledge of Detergent Waste Management (X4) → Motivation for Detergent Waste Management (Z1)
	0,259
	0,795
	Rejected

	Knowledge of Detergent Waste Management (X4) → Community Behavior in Detergent Waste Management (Y)
	2,942
	0,003
	Accepted

	Detergent Waste Management Knowledge (X4) → Detergent Waste Management Attitude (Z2)
	1,250
	0,212
	Rejected

	Knowledge of Detergent Use (X3) → Motivation for Detergent Waste Management (Z1)
	1,386
	0,166
	Rejected

	Knowledge of Detergent Use (X3) → Community Behavior in Detergent Waste Management (Y)
	0,153
	0,878
	Rejected

	Knowledge of Detergent Use (X3) → Attitude towards Detergent Waste Management (Z2)
	1,963
	0,050
	Rejected

	Attitudes towards Detergent Waste Management (Z2) → Community Behavior in Detergent Waste Management (Y)
	2,744
	0,006
	Accepted




The results of the direct effect test indicated that only a few relationships between variables were significant. Knowledge of detergent types (X2) significantly influenced motivation (Z1) (T = 2.022; p < 0.05), and knowledge of detergent waste management (X4) significantly influenced community behavior (Y) (T = 2.942; p < 0.05). Furthermore, attitude (Z2) also significantly influenced behavior (Y) (T = 2.744; p < 0.05). In contrast, most other relationships, including motivation and behavior, did not show significant effects. This indicates that not all aspects of knowledge directly influence behavior, and that attitude is a more consistent factor in driving community behavior regarding detergent waste management.
Based on the results of the direct effect test described previously, it appears that not all independent variables have a significant direct influence on the dependent variable. However, the relationships between variables in the structural model can be explained not only through direct effects but also through mediating mechanisms that allow for indirect effects. Therefore, to obtain a more comprehensive picture of the relationships between variables in this study, an indirect effect test was conducted. This test aimed to determine whether the mediating variables, namely motivation and attitudes towards detergent waste management, were able to mediate the relationship between knowledge and community behavior regarding detergent waste management.

Table 5. Indirect Effect

	Path Structure
	T-Statistics
	P-Value
	Results

	Knowledge of Detergent Types (X2) → Motivation for Detergent Waste Management (Z1) → Community Behavior in Detergent Waste Management (Y)
	0,577
	0,564
	Rejected

	Knowledge of Detergent Waste (X1) → Motivation for Detergent Waste Management (Z1) → Community Behavior in Detergent Waste Management (Y)
	0,126
	0,900
	Rejected

	Knowledge of Detergent Waste Management (X4) → Motivation for Detergent Waste Management (Z1) → Community Behavior in Detergent Waste Management (Y)
	0,134
	0,893
	Rejected

	Knowledge of Detergent Use (X3) → Motivation for Detergent Waste Management (Z1) → Community Behavior in Detergent Waste Management (Y)
	0,446
	0,655
	Rejected

	Knowledge of types of detergent (X2) → Attitude towards detergent waste management (Z2) → Community behavior in detergent waste management (Y)
	1,131
	0,259
	Rejected

	Knowledge of Detergent Waste (X1) → Attitudes towards Detergent Waste Management (Z2) → Community Behavior in Detergent Waste Management (Y)
	0,642
	0,521
	Rejected

	Knowledge of Detergent Waste Management (X4) → Attitudes towards Detergent Waste Management (Z2) → Community Behavior in Detergent Waste Management (Y)
	1,173
	0,241
	Rejected

	Knowledge of Detergent Use (X3) → Attitudes towards Detergent Waste Management (Z2) → Community Behavior in Detergent Waste Management (Y)
	0,616
	0,107
	Rejected




The results of the indirect effect test indicate that all mediation pathways are insignificant. Neither motivation (Z1) nor attitude (Z2) mediation is able to bridge the relationship between knowledge variables (X1, X2, X3, and X4) and community behavior (Y), as indicated by T-statistics <1.96 and p-values ​​>0.05 for all pathways. This finding indicates that neither motivation nor attitude act as effective mediators in linking knowledge to behavior. Thus, the influence of knowledge on community behavior in detergent waste management tends to be direct (limited) and does not occur through a mediation mechanism in the tested model.

3.2 Discussion

The research results show that communities living along the banks of the Tallo Canal are strategically located and vulnerable to environmental pollution. Descriptive analysis reveals that community knowledge is relatively good in factual and conceptual aspects, but remains low in procedural aspects. This indicates a gap between understanding and implementation capabilities in detergent waste management. This finding aligns with Geiger et al. (2019), who emphasize the importance of action-related knowledge in driving behavior, and is reinforced by Debrah et al. (2021), who state that knowledge alone is insufficient without the support of practical skills and environmental context.

In terms of motivation, the research results show that community motivation is more influenced by external factors than intrinsic factors. This condition indicates that waste management behavior is not yet fully based on internal awareness. Meanwhile, community attitudes are relatively positive, but not fully reflected in concrete actions. This phenomenon reflects the existence of an attitude-behavior gap, as explained in the study by Nguyen et al. (2022), where positive attitudes are not always followed by consistent behavior.

The results of the SEM analysis showed only a few significant relationships, namely the influence of waste management knowledge on behavior and the influence of attitude on behavior. This confirms that the practical aspects of knowledge and attitude are key factors in shaping community behavior. This finding is consistent with the development of the Theory of Planned Behavior in the studies of Han (2020) and Yuriev et al. (2020), which position attitude as a key determinant of behavior, although it is still influenced by other factors such as social control and norms.

However, motivation was not shown to have a significant effect on behavior nor did it act as a mediator. Furthermore, all mediation paths in the model were insignificant, indicating that the relationship between knowledge and behavior is unlikely to be mediated through a mediating mechanism. This suggests that external factors such as facilities, habits, and environmental conditions play a significant role in shaping people's behavior, as confirmed by the OECD (2020) and UNEP (2021).

Overall, the results of this study confirm that detergent waste management behavior is determined not only by knowledge and attitudes, but also by contextual factors. Therefore, a more comprehensive approach is needed through practice-based education, strengthening intrinsic motivation, and providing supportive tools and policies to ensure effective and sustainable behavior change.

4. Conclusion

Based on the research results, it can be concluded that public knowledge about detergent waste in Makassar City is still dominated by factual and conceptual aspects, while procedural aspects are relatively low. This indicates a gap between understanding and implementation capabilities in detergent waste management. Although the public has a positive attitude towards the importance of environmental protection, actual behavior in waste management is still suboptimal.

The results of the SEM-PLS analysis indicate that only waste management knowledge and attitudes significantly influence community behavior, while motivation has no significant effect. Furthermore, motivation and attitude variables were unable to mediate the relationship between knowledge and behavior. Thus, community behavior in detergent waste management is more influenced by the practical aspects of knowledge and attitudes than other factors. Overall, this study confirms that increasing knowledge alone is not sufficient to drive behavioral change. More comprehensive interventions are needed through practice-based education, strengthening intrinsic motivation, and providing facilities and environmental support to ensure effective and sustainable detergent waste management.
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