
International Journal of Marine Engineering Innovation and Research, Vol. 11(2), Jun. 2026. 785-798                           

(pISSN: 2541-5972, eISSN: 2548-1479) 
785 

 

Spatial and Socio-Economic Determinants of 

Public Acceptance and Management of Domestic 

Wastewater Treatment Plants 
 

Yovi Chandra1, Nanda Savira Ersa2*, Nura Usrina3, T. Mudi Hafli4, Wisnu Prayogo5, M Faisi Ikhwali6 

(Received: 7 May 2026 / Revised: 18 May 2026 / Accepted: 20 May 2026 / Available Online: 29 June 2026) 

 

Abstract⎯ Domestic wastewater treatment systems play an important role in maintaining environmental sustainability and 

protecting public health. This study aims to analyze the level of public acceptance, knowledge, attitudes, management behavior and 

evaluation of existing condition toward Wastewater Management System (WWMS) in Lhokseumawe City, Aceh Province, 
Indonesia. The research employed a quantitative method using a cross-sectional approach. Data analysis was conducted using 

univariate and bivariate statistical methods through the Chi-Square test to identify relationships between WWMS variables and 
respondent characteristics, such as age, gender, latest education, occupation criteria, and income. The results indicate that most 

residents possess positive knowledge (75%), attitudes (86%), actions (65%), management behavior (63%), and evaluations of 

existing WWMS conditions (67%). Educational level showed a statistically significant relationship with knowledge, attitudes, 
actions, management, and assessment of WWMS conditions (p < 0.05). Age and occupation were also found to influence certain 

management aspects, while gender had no significant effect. Spatial analysis revealed that residents in Muara Satu District 
demonstrated the highest level of positive engagement toward WWMS management, whereas communities in Blang Mangat 

required greater educational intervention. The study concludes that strengthening community-based education, awareness 

campaigns, and participatory management programs is essential to improve sustainable domestic wastewater management in 
Lhokseumawe City. 
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I. INTRODUCTION
1 

Domestic wastewater management represents a 

critical cornerstone of modern environmental health and 

urban sustainability, directly aligning with the United 
Nations Sustainable Development Goal (SDG) 6 to 

ensure universal access to clean water and safe 

sanitation. However, to achieve these targets requires an 
integrated understanding of localized sociocultural and 

institutional indicators alongside technical frameworks 

[1]. Wastewater treatment systems play an indispensable 
role in safeguarding public health and preserving 
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ecological integrity[2]. Communal Wastewater 
Treatment Plants (WWTPs) ensure that liquid waste 

generated from dense residential zones is effectively 

treated, neutralizing harmful pathogens and organic load 
before environmental discharge. In developing urban 

contexts, the functional success of this infrastructure is 

heavily contingent upon institutional governance and 
regulatory backbones. Domestic Wastewater 

Management legal seeks to maintain sustainable 

wastewater treatment, establish safe processing 
parameters, and foster clean and healthy living behaviour 

across the community. 

Wastewater treatment systems are a series of 
infrastructure, equipment, and processes designed and 

used to treat wastewater from various sources, such as 

households, industries, agriculture, and communities, so 
that the wastewater can be safely discharged into the 

environment or can be reused [3][4]. With the 

importance of wastewater treatment systems, it must 
ensure that wastewater produced by various human 

activities can be effectively treated before being 

discharged into the environment, so as to protect the 
environment, society, and the sustainability of the 

ecosystem as a whole[5]. 

However, the formalization of municipal 
regulations and the physical installation of wastewater 

infrastructure do not independently guarantee systemic 

sustainability; the true challenge lies in the deep-seated 
spatial and socio-economic determinants that govern 

public acceptance and long-term community 

management. Spanning a total area of 181.06 km², 
approximately 60% of Lhokseumawe City is classified 

as residential space. Spatial disparities across four 

districts in Lhokseumawe are stark; Muara Dua 
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encompasses the largest administrative expense covering 

57.80 km², whereas Banda Sakti represents the smallest, 

most hyper-congested urban core covering just 11.24 
km². 

These spatial discrepancies introduce highly non-

uniform topologies, uneven land-use pressures, and 
varying physical access to centralized networks, which 

mirror findings from broader spatial sanitation 
assessments in developing macro-urban frameworks[6] 

[7]. Crucially, this geographic heterogeneity intersects 

with distinct household socio-economic stratifications, 
including disparities in income, formal education, and 

local environmental awareness. When public works 

planning overlooks these spatial constraints and socio-
economic realities, wastewater infrastructure frequently 

encounters localized community resistance, public non-

acceptance, and a total breakdown in community-based 
maintenance frameworks, culminating in premature 

system failures and serious localized waterborne health 

risks. 
A critical review of current scientific literature 

reveals that the contemporary paradigm remains 

fragmented, typically decoupling technical engineering 
parameters from localized social dimensions. For 

instance, extensive studies examine macro-level regional 

wastewater characteristics and chemical load fluctuations 
across changing socio-economic gradients [8], or 

calculate isolated physical parameters such as peak 

discharge rates and off-site PVC pipeline layouts for 
specific low-income residential zones [9]. Where spatial 

analytics are actively applied, research is frequently 

limited to regional point-of-interest mapping of 
expansive sewage treatment plant clusters [10] or macro-

scale GIS site-suitability simulations for newly designed 

master-planned mega-cities [7]. Conversely, socio-
behavioral assessments tend to investigate community 

perceptions generically, focusing exclusively on public 

willingness to accept recycled water reuse [11] or 
applying macro qualitative evaluative models (such as 

the CIPP framework) to public health programs without 

conducting micro-level empirical demographic testing 
[5]. Otherwise, public awareness and local social factors 

are fundamental to long-term sanitation success, these 

qualitative factors are rarely integrated into empirical, 
localized quantitative models[12]. However, the success 

of WWTP management is not only influenced by 

technical aspects, but also by spatial and socio-economic 
factors of the community. Determining the location of a 

WWTP must consider land suitability, distance to 

residential areas, pollution risk, and the potential for 
future regional development. Research shows that land 

availability and regional characteristics are important 

factors in determining the effectiveness of a domestic 
wastewater treatment system. 

The stems from bridging this specific literature 

gap by presenting an integrated, quantitative cross-
sectional analysis that evaluates the concurrent impacts 

of micro-level spatial configurations (district-specific 

dynamics across Lhokseumawe) and fine-grained 
household socio-economic variables (age, education 

level, and income brackets) on the Knowledge-Attitude-

Practice (KAP) nexus regarding domestic WWTP 

infrastructure. Rather than treating a medium-sized 

coastal city as a completely homogeneous unit, this study 

isolates how geographical variations between a compact, 
hyper-dense urban center (Banda Sakti) and sprawling, 

rural-urban interfaces (such as Blang Mangat and Muara 

Dua) compound socio-economic factors to determine 
public compliance and ownership. This provides a highly 

localized socio-behavioral and spatial diagnostic tool that 
moves beyond generic urban sanitation models. 

The primary aim of this study is to analyze the 

domestic wastewater management system in 
Lhokseumawe City by identifying and evaluating the 

critical spatial and socio-economic determinants that 

shape community knowledge, attitudes, and behavioral 
practices regarding local Wastewater Treatment Plants 

(WWTPs). Specifically, this research utilizes bivariate 

and cross-sectional empirical analyses via Chi-Square 
testing to isolate significant correlations between 

respondent demographic profiles and their management 

acceptance across the distinct environments of Banda 
Sakti, Muara Dua, Muara Satu, and Blang Mangat 

districts. Ultimately, these findings are leveraged to 

establish targeted strategic pathways and localized 
education interventions to support long-term, 

community-based sanitation governance. 

II. METHOD 

A. Study Area 

This research was conducted in Lhokseumawe City, 
Aceh Province. Geographically, it is located between 

4˚54’ - 5˚18’ North Latitude and 96˚20’ - 97˚21’ East 

Longitude. Lhokseumawe City is divided into 4 sub-
districts, namely Banda Sakti Sub-district, Muara Dua 

Sub-district, Muara Satu Sub-district, and Blang Mangat 

Sub-district. 
 

B. Method of Collecting Data 
Data collection in the form of primary data that is 

needed is to conduct a survey to see directly in the field 
how the IPAL placement is planned, the existing 

conditions of domestic wastewater disposal, water use 

and road conditions. Meanwhile, secondary data used 
includes population data, number of buildings, sanitation 

information, city maps. 

 

C. Types and Research Design 
Data processing analysis by conducting 

questionnaires and interviews with the community 

regarding the level of community acceptance and 

satisfaction with the waste water treatment system, 
including complaints or input received from the 

community regarding the quality of services in 

Lhokseumawe City. The type of research used is 
quantitative research with a cross sectional approach. 

The goal is to be able to describe and explain a 

phenomenon or situation. Data analysis uses the chi-
square test to analyze the relationship between 

respondent characteristics as independent variables (age, 

occupation, gender, education, and income level) with 
knowledge, attitudes, actions, management, and current 

conditions evaluation as dependent variables of domestic 



International Journal of Marine Engineering Innovation and Research, Vol. 11(2), Jun. 2026. 785-798                           

(pISSN: 2541-5972, eISSN: 2548-1479) 
787 

 

 

WWTP. There are two stages of data testing and analysis 

explained below[13]: 

1. Univariate analysis aims to describe the frequency 
distribution of each variable consisting of certain 

characteristics (age, occupation, gender, last 

education, and level of income, knowledge, attitudes, 

actions, management, current conditions evaluation) 

in management of WWTP. Presentation of frequency 
distribution data and percentages of variables. 

 

 
Figure 1 Study Location 

 
2. Bivariate analysis aims to determine the 

relationship between dependent and independent 

variables. Data were analyzed for bivariate 
calculations in this study to determine the 

relationship between education level, knowledge, 

attitudes, economic status, and the role of health 
workers on wastewater treatment plant (WWTP) 

management. The data scale used is nominal and 

ordinal based on the aim of testing proportions, 
therefore the statistical test used is the Chi-Square 

test with Confident Interval (CI) < 95% with a 

significance limit (α < 0.05). The next conclusion 
can be drawn, if α < 0.05 Ho is accepted, meaning 

there is a significant relationship between the 

independent variable and the dependent 
variable[14]. 

 

D. Research Framework 
The research framework for this activity starts 

from the research preparation stage, to creating 

documentation. The preparation stage includes 
literature study and field study to identify problems. 

Data collection stages were carried out through 

literature study and interviews with community 
leaders (respondents). The next stage is to determine 

the solution to the problems found. At this stage the 

research team discusses to find the right solution to 
solve the problems found. The next stage is to 

determine the results of the respondents using the chi-

square model approach in order to find out the 
influence of community knowledge on domestic waste 

water management in Lhokseumawe City, so that it 

can be seen in Figure 2. 

 
 

 
Figure 2 Study Analysis 

 

III. RESULTS AND DISCUSSION 

The results of the WWTP study in Lhokseumawe 
City found several results, namely the relationship 

between age, occupation status, education level, and 

gender with community behavior and knowledge 

regarding the study material. The results of this study can 

be presented as follows: 

 
 

 

 
A. Respondent Characteristics 
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The study of WWTP is to see how the people in 

Lhokseumawe City behave based on the ages observed, 

namely the productive age (UP), namely 18-63 years old, 
while the unproductive age (UTP) is >63 years old. 

Based on Figure 3, the distribution of UP respondents is 

UP 77.8% and UTP 22%. 

Figure 4 depicts the distribution of respondents based 

on age regarding the variables studied. In the UP and 

UTP age groups, the community has a positive level of 
knowledge, attitudes, actions, management and 

assessment of the existing state of WWTP. 

 
Figure 3 Distribution of Respondent Characteristics Based on Age Category  

 

 

 
Figure 4 Distribution of Respondents Based on Age 

 
After carrying out the chi square test (Table 1), the 
significance values obtained for the influence of the age 

factor on the level of knowledge, attitudes and 

assessment of existing conditions were 0.302, 0.332 and 
0.132. Correlation test results >0.05 means that there is 

no significant relationship between age and the level of 

knowledge, attitudes and assessment of the existing state 
of society in WWTP management. 

Meanwhile, the significance values for the influence of 
the age factor on management actions and conditions are 

0.000 and 0.036 (Table 1). Correlation test results <0.05 

mean that there is a significant relationship between age 
and WWTP management actions and conditions. So it 

can be seen that the age factor influences the actions and 

conditions of WWTP management. 
 

 

TABLE 1  

RELATIONSHIP BETWEEN AGE FACTORS AND STUDY VARIABLES 

Variable Value df 

Asymptotic 

Significance 

(2-sided) 

Knowledge 1.063a 1 0.302 

Attitude 0.942a 1 0.332 

Action 13.703 1 0.000 

Management 4.397a 1 0.036 

Existing Condition 2.263a 1 0.132 
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This study on WWTP also analyzed people's 

behavior based on work, thus providing an idea of how a 
person understands the management of WWTP based on 

their occupation status. Grouping respondents based on 

working and non-working status, both formal and non-

formal. Based on Figure 5, the distribution of 
respondents in the working category was 68.9%, while 

those who did not work were 31.1%.

 
Figure 5 Distribution of Respondent Characteristics Based on Occupation Category 

 

Figure 6 depicts the distribution of respondents based 
on work on the variables studied. In the working and 

non-working occupational groups, the community has a 

positive level of knowledge, attitudes, actions, 
management and assessment of the existing state of 

WWTP. 

After carrying out the chi square test (Table 2), the 
significance values obtained for the influence of work 

factors on the level of knowledge, attitude, management 
and assessment of existing conditions were 0.871, 0.069, 

0.552 and 0.2. Correlation test results >0.05 means there 

is a significant relationship between work and the level 
of knowledge, attitudes, management and community 

assessment of existing conditions in WWTP 

management.  

 

 
Figure 6 Distribution of Respondents Based on Occupation 

 
Meanwhile, the significance value for the influence 

of work factors and actions on existing conditions is 

0.009. Correlation test results <0.05 mean that there is a 

significant relationship between work and community 
action. So it can be seen that work factors influence 

people's actions in assessing WWTP. 
 

TABLE 2   

RELATIONSHIP BETWEEN OCCUPATION FACTORS AND STUDY VARIABLES 

Variable Value df Asymptotic Significance (2-sided) 

Knowledge 0.027a 1 0.871 

Attitude 3.313a 1 0.069 

Action 6.748a 1 0.009 

Management 0.354a 1 0.552 

Existing Condition 1.645a 1 0.2 
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This study on WWTP also analyzed people's 

behavior based on gender, thus providing an idea of how 

a person understands the management of WWTP based 
on their gender status. Grouping respondents based on 

gender categories, both male and female. Based on 

Figure 7, the distribution of respondents in the male 
category is 52.7%, while female is 47.3%. 

Figure 8 depicts the distribution of respondents based 
on gender regarding the variables studied. In the male 

and female gender groups, the community has a positive 

level of knowledge, attitudes, actions, management and 

assessment of the existing state of WWTP. 

After carrying out the chi square test (Table 3), the 
significance values obtained for the influence of the 

gender factor on knowledge, attitudes, actions, 

management and assessment of existing conditions were 
0.257, 0.575, 0.799, 0.500 and 0.093. Correlation test 

results > 0.05 means that there is no significant 
relationship between gender and the level of knowledge, 

attitudes, actions, management and assessment of the 

existing state of society in WWTP management. 

 
Figure 7 Distribution of Respondent Characteristics Based on Gender Category 

 

 
Figure 8 Distribution of Respondents Based on Gender

 

TABLE 3  

RELATIONSHIP BETWEEN GENDER FACTORS AND STUDY VARIABLES 

Variable Value df Asymptotic Significance (2-sided) 

Knowledge 1.287a 1 0.257 

Attitude 0.315a 1 0.575 

Action 0.065a 1 0.799 

Management 0.455a 1 0.500 

Existing Condition 2.820a 1 0.093 

 
The study examined community behavior and 

understanding regarding Wastewater Treatment Plant 
(WWTP) management by analyzing respondents based 

on their highest educational attainment. Educational 

background was stratified into four categories: 
elementary school, middle school, high school, and 

university (comprising Bachelor, Master, or Doctorate 

degrees). As illustrated in Figure 9, the demographic 
distribution was predominant among those with a high 

school education (60.2%), followed by university 

graduates (20.5%), middle school (11.2%), and 
elementary school (5.8%). An examination of this 
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distribution (Figure 10) indicates that across all 

educational strata, respondents exhibited a generally 

positive outlook across the specific study variables, 

including knowledge, attitudes, actions, management 

conditions, and the assessment of the existing WWTP 

state. 

 
Figure 9 Distribution of Respondent Characteristics Based on Latest Education Category

 

 
 

 
Figure 10 Distribution of Respondents Based on Latest Education 

 
To further scrutinize this relationship, a Chi-Square 

analysis was performed (Table 4). The significance 
values obtained for the influence of the latest educational 

factor on the level of knowledge, attitudes, actions, 

management conditions and assessment of existing 
conditions were 0.002,0.000, 0.001, 0.000 and 0.012, 

respectively. Because all correlation results were below 

the designated alpha level, the study demonstrates a 

statistically significant relationship between an 
individual’s latest educational status and their level of 

knowledge, attitudes, proactive actions, management 

capabilities, and perception of existing WWTP 
conditions. 

 

 

TABLE 4  

RELATIONSHIP BETWEEN RECENT EDUCATION FACTORS AND STUDY VARIABLES 

Variable Value df Asymptotic Significance (2-sided) 

Knowledge 16.734a 4 0.002 

Attitude 31.319a 4 0.000 

Action 17.751a 4 0.001 

Management 23.103a 4 0.000 

Existing Condition 12.898a 4 0.012 

 

The investigation further examined community 

behavioral factors based on respondent income levels 
to determine whether economic status correlates with 

the understanding and practice of WWTP 

management. Respondents were stratified into two 

economic categories based on a threshold of USD 143. 
According to the demographic distribution illustrated 

in Figure 11, 47% of respondents reported an income 
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exceeding USD 143, while 53% reported an income 

below this threshold. 

As depicted in the cross-tabulation analysis (Figure 
12), community members across both economic strata 

demonstrated generally positive responses regarding 

their knowledge levels, attitudes, proactive actions, 
management conditions, and assessments of current 

WWTP conditions. 
Chi-Square tests were subsequently performed to 

analyse the statistical relationship between income 

factors and these study variables (Table 5). The 

analysis revealed that income did not exert a 

statistically significant influence on knowledge 
(p=0.741), attitudes (p=0.200), proactive actions 

(p=0.127), or management conditions (p=0.414), as all 

resulting p-values exceeded the designated alpha level 
(p > 0.05). However, a statistically significant 

correlation was observed between income factors and 
the assessment of the existing condition (p=0.022). 

 

 
Figure 11 Distribution of Respondent Characteristics Based on Income Category  

 

 
Figure 12. Distribution of Respondents Based on Income 

 

TABLE 5  

RELATIONSHIP BETWEEN INCOME FACTORS AND STUDY VARIABLES 

Variable Value df Asymptotic Significance (2-sided) 

Knowledge 0.109a 1 0.741 

Attitude 1.643a 1 0.200 

Action 2.323a 1 0.127 

Management 0.667a 1 0.414 

 

To investigate the potential association between 
community knowledge levels and the remaining study 

variables regarding WWTP management behavior, a 

Chi-Square test analysis was conducted. The detailed 
statistical outcomes are summarized in Table 6. The 

analysis revealed highly significant relationships 

across all examined parameters. Statistically robust 
associations were observed between knowledge 

factors and respondents' attitudes, proactive actions, 
management conditions, and their assessment of the 

existing WWTP conditions. 

As all calculated asymptotic significance values 
were below the established alpha level of 0.05 (p < 

0.05), the findings demonstrate a statistically 

significant relationship between community 
knowledge levels and their respective attitudes, 
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proactive actions, management capabilities, and 

perception of current WWTP conditions. 

Consequently, the data indicates that the knowledge 

factor substantially influences the standard of action, 

the state of management, and the overall evaluation of 

the existing WWTP situation. 
 

 

 

 

 

TABLE 6  

RELATIONSHIP BETWEEN KNOWLEDGE FACTORS AND STUDY VARIABLES 

Variable Value df Asymptotic Significance (2-sided) 

Attitude 151.009a 1 0.000 

Action 76.044a 1 0.000 

Management 114.598a 1 0.000 

Existing Condition 132.031a 1 0.000 

 

Spatial Distribution of Community Knowledge on 
WWTP Management 

To evaluate how regional dynamics shape 

public literacy regarding decentralized sanitation 
infrastructure, the study cross-analyzed respondents' 

baseline knowledge across four levels of 

comprehension: “very good,” “good,” “fair,” and 
“least good.” As illustrated in Figure 13, the 

geographic mapping of these categories reveals a stark 

socio-spatial gradient across Lhokseumawe City. The 
highest concentration of respondents falling within the 

“very good” and “good” knowledge thresholds is 

localized predominantly within the Muara Satu 
District, followed sequentially by Banda Sakti, Muara 

Dua, and lastly, Blang Mangat. This spatial layout 

reflects the underlying socio-demographic profiles of 
the respective areas. Muara Satu, operating historically 

as the industrial center of the city, houses a larger 

share of formal-sector workers and individuals with 
higher formal educational factors previously shown to 

have a statistically significant correlation with 

technical wastewater comprehension (p < 0.05). 
Conversely, the low literacy metrics observed in the 

peri-urban and agricultural landscape of Blang Mangat 

point to a slower rate of environmental health 
information transmission, highlighting it as an area 

requiring immediate, targeted educational outreach. 

The knowledge assessment directly 
influences the structural distribution of public 

perception. Figure 14 maps community sentiment 

across binary categories of positive versus negative 
WWMS attitudes. The empirical data reveal that the 

highest concentration of optimal positive attitudes 

occurs within the Muara Satu and Muara Dua districts, 
with Banda Sakti presenting a moderate-high baseline, 

and Blang Mangat registering the lowest positive 
alignment. The strong showing in Muara Satu aligns 

with its high baseline knowledge, whereas the positive 

attitudes in Muara Dua suggest a growing community 
awareness of peri-urban degradation caused by rapid, 

unmanaged residential expansion. Interestingly, while 

the hyper-dense commercial core of Banda Sakti faces 
severe aesthetic and odor issues from open greywater 

discharge, its positive attitude scores are slightly lower 

than those in the industrial zones. This suggests a 
degree of public fatigue or normalization of sub-

optimal sanitation conditions among dense urban 

populations. 
Figure 15 details the spatial variations in 

concrete individual actions regarding WWMS 

management. Muara Satu and Muara Dua district lead 
the positive action category, followed by Banda Sakti, 

with Blang Mangat trailing significantly. The high 

performance of Muara Satu and Muara Dua indicates 
an environment where household economic stability 

and spatial lot conditions allow individuals to actively 

invest in proper plumbing and regular maintenance.  
Finally, institutional sustainability relies on 

community-level governance, financial compliance, 

and collective ownership. Figure 16 highlights the 
spatial distribution of proactive community 

management behaviors, such as paying desludging 

tariffs and participating in the upkeep of local 
communal WWMS. The data show that active 

management behavior is highest in Muara Satu, 

followed by Banda Sakti and Muara Dua, while Blang 
Mangat records the lowest participation rates. In 

Muara Satu, high residential stability foster a 

collaborative environment that supports community-
managed sanitation systems. 
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Figure 13. Distribution of Respondent Characteristics Based on Community Knowledge Category  

 

 

 
Figure 14 Distribution of Respondent Characteristics Based on Community Attitude Categories 

 
 

 
Figure 14 Distribution of Respondent Characteristics Based on Community Action Categories 
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Figure 15 Distribution of Respondent Characteristics Based on Management Category 

  

 
Figure 16 Distribution of Respondent Characteristics Based on Existing Condition Category 

 
Figure 17 shows the percentage of respondents 

who chose positive answers on the five parameters 

assessed. The cognitive peaks, including attitude and 
knowledge consistently score the highest across all 

districts. This indicates that public education and the 

high visibility of localized sanitation challenges have 
successfully established a strong baseline of 

environmental awareness and moral alignment. Contrary, 

a distinct drop occurs when moving to evaluation, 
actions and management behavior. This visual pattern 

confirms that while residents understand the importance 

of domestic wastewater treatment, their ability to execute 
positive actions or participate in institutional 

management is structurally bottlenecked by spatial 

constraints, economic realities, and network availability 
[15]. 

Muara Satu District shows the highest levels of 

public awareness and participation in WWMS across 
Lhokseumawe City. This strong performance is directly 

linked to its role as the city’s primary industrial zone. 

Decades of economic development have brought major 
advantages to the area, such as a higher concentration of 

educated residents, stable formal employment, and active 

Corporate Social Responsibility (CSR) programs from 

local industries. Because of this background, residents 

have a strong understanding of environmental health 
standards. This solid foundation of knowledge translates 

directly into positive attitudes and practical actions, with 

households actively maintaining their systems and 
preventing local water pollution. Furthermore, strong 

community cohesion and regular institutional support 

make residents highly willing to pay desludging fees and 
help maintain communal WWTPs[16]. As a result, 

residents evaluate their current sanitation conditions very 

positively, reflecting their satisfaction with reliable 
decentralized facilities. 

Otherwise, Banda Sakti District presents a unique 

challenge: residents have high environmental awareness 
but face severe spatial limitations, creating a major gap 

between their positive attitudes and actual behavior. As 

the crowded commercial and administrative center of 
Lhokseumawe, the district has a very high population 

density and small residential lots. This lack of space 

makes it physically impossible to build proper individual 
septic tanks, making public or communal wastewater 

treatment a clear necessity to prevent health crises. 
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However, because this dense area has many renters and 

temporary residents, neighborhood social ties are weak. 

This lack of permanent ownership causes a "tragedy of 
the commons" effect, where individuals expect the local 

government to handle all sanitation duties rather than 

managing it together as a neighborhood. Consequently, 
while residents have positive intentions, they lack the 

space or property rights to take individual action or 
support community management, leading to critical 

evaluations when dense urban systems become 

overloaded [17]. 
Muara Dua District is a growing peri-urban area 

that links the city center with rural zones, resulting in 

moderate scores across most sanitation categories. 
Because land is abundant here, most households rely on 

individual septic tanks, which changes how they view 

wastewater management. From an educational 
perspective, public knowledge about WWMS is 

relatively low because public health campaigns spread 

more slowly in scattered neighborhoods. While residents 
value general cleanliness and express positive attitudes, 

they lack the immediate sense of urgency found in 

crowded urban areas. The spread-out layout allows 
households to tolerate simple practices, like discharging 

greywater onto open land, without seeing immediate 

problems [18]. Because houses are far apart, residents do 
not feel a shared responsibility for local environmental 

issues. This low density also makes building public 

piping networks very expensive per household, and 

wider income gaps mean families prioritize immediate 

living needs over sanitation investments, leading to low 
community participation [19]. 

Blang Mangat District requires the most urgent 

attention, as it records the lowest levels of sanitation 
knowledge and active participation in the study. This 

district is primarily agricultural and has a highly 
dispersed rural population, which limits residents' 

exposure to environmental education and modern 

wastewater systems. Although local cultural values 
support basic personal hygiene, the lack of information 

restricts proper wastewater practices. Because open land 

is readily available, households often discharge 
wastewater directly into the soil or fields, reducing any 

perceived need for proper maintenance [20]. This 

physical separation prevents residents from seeing 
wastewater as a shared community issue. Additionally, 

due to lower average household incomes, residents view 

investments in shared public systems as an unaffordable 
luxury rather than a public need. Because families rely 

on simple backyard pits and are isolated from shared 

infrastructure failures, they report passive satisfaction 
with their current conditions, emphasizing the need for 

direct government subsidies and door-to-door education 

[21]. Table 7 synthesizes the spatial and socio-economic 
variables observed in the four districts. 

 

Figure 17 Percentage of Respondents with Positive Answers 

 

TABLE 7.  

VARIABLES OBSERVED IN LHOKSEUMAWE CITY 

Variables Banda Sakti Muara Satu Muara Dua Blang Mangat 

Spatial Typology Hyper-Dense Urban Core Industrialized Center Rural-Urban Interface Dispersed Peri-Urban Sprawl 

Socio-Economic 

Driver 

Commercial mix, high 

renter ratio 

Higher education, stable 

formal income 

Transitional income, mixed 

employment 

Agricultural dominance, lower 

expenditure 

Dominant KAP 

Profile 

High awareness, low 

individual capacity 

Highest overall engagement 

across all metrics 

Moderate awareness, 

fragmented behavior 

Lowest knowledge baseline and 

management participation 

Primary System 

Bottleneck 

Extreme space constraints 

for septic tanks 

Network capacity scaling 

limits 

High per-capita piping cost 

due to sprawl 

Absolute lack of communal 

infrastructure 

Targeted Strategic Off-site communal Model community scaling & Targeted capital subsidies Intensive, door-to-door 
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Variables Banda Sakti Muara Satu Muara Dua Blang Mangat 

Pathway systems & regulatory 

zoning 

institutional delegation for decentralized links educational & technical 

interventions 

 

IV. CONCLUSION 

 

Overall, people of Lhokseumawe City have 
positive knowledge, attitudes, actions, management and 

understanding of existing conditions. It is known that 

income and occupation factors influence the level of 
knowledge in WWMS. The latest educational factor 

influences the level of knowledge, action and assessment 

of existing management conditions in WWMS. The 
gender factor influences the level of action in WWMS. 

The age factor influences the level of knowledge and 

action in WWMS. Apart from that, it is known that there 
is a relationship between knowledge and community 

attitudes in WWTP management. However, there is no 

significant relationship with action, management and 
assessment of existing conditions. 

Therefore, as a result of this study, it is 

recommended that education and training programs 
regarding WWTP management be strengthened, 

especially for community groups with low levels of 

education. This is important to improve their knowledge 
and attitudes towards good management. In addition, 

awareness campaigns targeting young age groups and 

women can be carried out to encourage active action in 
WWTP management. The development of community-

based programs that involve people directly, taking into 

account aspects of income and type of occupation, will 
also help make initiatives more relevant and easier to 

accept. Furthermore, further research is needed to 

understand other factors that influence WWTP 
management as well as deeper relationships between 

knowledge, attitudes and actions. Finally, encouragement 

for local governments to formulate policies that support 
community participation in WWTP management is very 

important to achieve effective and sustainable 

management. With these steps, it is hoped that WWTP 
management in Lhokseumawe City can improve 

significantly. 

Data analysis was performed using univariate and 
bivariate statistical methods through Chi-Square tests to 

identify the relationships between Wastewater 
Management System (WWMS) variables and respondent 

characteristics, such as age, gender, latest education, 

employment criteria, and income. The results showed 
that most residents possess positive knowledge (75%), 

attitudes (86%), actions (65%), management behavior 

(63%), and evaluations of existing WWTP conditions 
(67%). Educational level showed a statistically 

significant relationship with knowledge, attitudes, 

actions, management, and assessment of WWMS 
conditions ($p < 0.05$). Age and occupation were also 

found to influence certain management aspects, while 

gender had no significant effect. Spatial analysis 
revealed that residents in Muara Satu District 

demonstrated the highest level of positive engagement 

toward WWMS management, whereas communities in 
Blang Mangat required greater educational intervention. 

This study concludes that strengthening community-

based education, awareness campaigns, and participatory 
management programs is essential to enhance sustainable 

domestic wastewater management in Lhokseumawe 

City. 
 

ACKNOWLEDGEMENTS 

This research was funded by the AKSI-ADB Unimal 

Project through the Research Grant for Young 

Researchers Scheme. The author would like to thank the 
Public Works Department of Lhoseumawe City, 

Indonesia. This research activity was carried out to 

create a better domestic waste water treatment system. 
 

REFERENCES 

[1] I. Maliga, S. Purwono, R. Harini, and A. Soetarto, “Critical 

Indicators for Determining Sustainable Domestic Wastewater 

Management for the Achievement of SDG Goal 6,” Discov. 

Water, vol. 5, no. 39, 2025, doi: 10.1007/s43832-025-00235-

9. 

[2] R. N. Hasugian, “The Role of Communal Wastewater 

Treatment Plants ( WWTP ) in Domestic Waste 

Management : Technology , Construction , Environmental 

Impact , and Community Participation,” J. Heal. Indones., 

vol. 3, no. 01, pp. 42–51, 2025. 

[3] A. Nurmiyanto, P. S. Ragawidya, N. I. Wantoputri, J. A. 

Fajri, and W. Brontowiyono, “Sustainability assessment of 

community-based wastewater treatment plant: case study of 

Semarang District, Indonesia,” IOP Conf. Ser. Earth 

Environ. Sci., vol. 1263, no. 1, 2023, doi: 10.1088/1755-

1315/1263/1/012054. 

[4] Marsuhin, S. Nur Aisyah, and F. W. Mauludin, 

“Transformation of Domestic Wastewater Management 

Policy in Malang,” Pangripta, vol. 7, no. 2, pp. 191–205, 

2024, doi: 10.58411/nrq02c30. 

[5] Arbainah, Muzdalifah, and M. N. I. Ridwan, “Evaluation of 

the Sanitation Program of the Wastewater Management 

System (SPAL) on Social and Public Health Outcomes,” Int. 

J. Multidiscip. Approach Res. Sci., vol. 4, no. 01, pp. 221–

238, 2026. 

[6] N. S. Ersa, H. Fithra, S. Malasyi, E. Lestari, Mukhlis, and Z. 

Yunizar, “Optimizing Waste Management in Lhokseumawe 

City: a GIS-Based Needs Assessment for Collection 

Facilities to Mitigate Illegal Dumping,” Int. J. Mar. Eng. 

Innov. Res., vol. 10, no. 3, pp. 787–794, 2025, doi: 

10.12962/j25481479.v10i3. 

[7] W. T. de Vries, V. C. A. Avila, and A. Ghozali, “Spatial 

Assessment of Wastewater Requirements for the New Capital 

City of Indonesia,” Rev. Int. Geomat., vol. 34, no. 1, pp. 125–

149, Dec. 2025, doi: 10.32604/RIG.2025.057970. 

[8] A. Alsulaili, F. M. Al-fadhli, H. A. Garcia, O. Ali, and N. 

Alenezi, “Environmental and Socioeconomic Factors 

Shaping Regional Dynamics of Wastewater Characteristics,” 

vol. 152, no. 3, 2026, doi: 10.1061/JOEEDU.EEENG-8436. 

[9] D. E. Prasetyo, H. Fitriani, and B. Susanti, “Analysis of 

Domestic Wastewater Management Systems in Low Income 

Residential Areas,” Sriwij. J. Environ., vol. 5, no. 2, pp. 92–

102, 2020. 

[10] Y. He, C. Tang, and Z. Wang, “Spatial patterns and 

influencing factors of sewage treatment plants in the 

Guangdong-Hong Kong-Macau Greater Bay Area, China,” 



International Journal of Marine Engineering Innovation and Research, Vol. 11(2), Jun. 2026. 785-798                           

(pISSN: 2541-5972, eISSN: 2548-1479) 
798 

 

 

Sci. Total Environ., vol. 792, p. 148430, Oct. 2021, doi: 

10.1016/J.SCITOTENV.2021.148430. 

[11] T. Chfadi, M. Gheblawi, and R. Thaha, “Public Acceptance 

of Wastewater Reuse : New Evidence from Factor and 

Regression Analyses,” water, vol. 13, no. 1391, pp. 1–18, 

2021. 

[12] A. Ristiawan and A. U. Ulya, “Social Perspective of 

Municipal Wastewater Management in Entikong Lama 

District,” Sustinere J. Environ. Sustain., vol. 3, no. 2, pp. 

105–116, 2019, doi: 10.22515/sustinere.jes.v3i2.86. 

[13] A. Rohendi, F. Faridy, B. R. Adinata, M. Kadafi, A. P. Iqra, 

and I. Rahmawan, “Community’s Willingness to Participate 

in Wastewater Management in Aceh,” J. Community Based 

Environ. Eng. Manag., vol. 9, no. 1, pp. 25–40, Dec. 2024, 

doi: 10.23969/jcbeem.v9i1.21051. 

[14] W. Brontowiyono et al., “Communal Wastewater Treatment 

Plants’ Effectiveness, Management, and Quality of 

Groundwater: A Case Study in Indonesia,” Water, vol. 14, 

no. 19, p. 3047, Sep. 2022, doi: 10.3390/w14193047. 

[15] S. K. Hassooni, K. A. El-Tarabily, A. M. Abu-Elsaoud, and 

S. M. Al Raish, “An Assessment of the Knowledge, 

Attitudes, and Practices Toward General Waste Segregation 

among the Population of the United Arab Emirates,” Sustain., 

vol. 16, no. 17, pp. 1–17, 2024, doi: 10.3390/su16177720. 

[16] S. Cecilia, T. Murayama, S. Nishikizawa, and K. Suwanteep, 

“Preferences and valuation of small-scale wastewater 

treatment system maintenance using discrete choice method: 

Case of community-managed system in Jakarta, Indonesia,” 

J. Environ. Manage., vol. 371, p. 123115, 2024, doi: 

https://doi.org/10.1016/j.jenvman.2024.123115. 

[17] A. Taweesan, T. Kanabkaew, N. Surinkul, and C. Polprasert, 

“Convenient solutions to inconvenient truth: Domestic 

wastewater management-based approaches to sustainable 

development goal no. 6,” Environ. Sustain. Indic., vol. 18, p. 

100255, 2023, doi: 

https://doi.org/10.1016/j.indic.2023.100255. 

[18] Widyarani, D. R. Wulan, U. Hamidah, A. Komarulzaman, R. 

T. Rosmalina, and N. Sintawardani, “Domestic wastewater in 

Indonesia: generation, characteristics and treatment.,” 

Environ. Sci. Pollut. Res. Int., vol. 29, no. 22, pp. 32397–

32414, May 2022, doi: 10.1007/s11356-022-19057-6. 

[19] J. A. Silva, “Wastewater Treatment and Reuse for 

Sustainable Water Resources Management: A Systematic 

Literature Review,” Sustain., vol. 15, no. 14, 2023, doi: 

10.3390/su151410940. 

[20] R. Wulandari et al., “Water pollution and sanitation in 

Indonesia: a review on water quality, health  and 

environmental impacts, management, and future challenges.,” 

Environ. Sci. Pollut. Res. Int., vol. 31, no. 58, pp. 65967–

65992, Dec. 2024, doi: 10.1007/s11356-024-35567-x. 

[21] A. Bakchan and K. D. White, “Sustainable Development in 

Rural Underserved Communities through Improved 

Responsible Management of Decentralized Wastewater 

Infrastructure: A Focus on the Alabama Black Belt,” 

Environ. Sci. Technol., vol. 58, no. 42, pp. 18671–18685, 

2024, doi: 10.1021/acs.est.4c01170. 

 

 


