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Abstract  

Diarrhea in toddlers remains a major health problem in coastal areas of Indonesia, closely related to 

environmental determinants. The coastal area of Kualo Beach, Bengkulu Market, has specific environmental 

and demographic characteristics that require empirical studies to support health interventions. Objective: 

This study aims to analyze the relationship between clean water quality and household sanitation with the 

incidence of diarrhea in toddlers in the coastal area of Kualo Beach. This observational analytical study uses 

a cross-sectional design involving 100 toddler households selected through purposive sampling. Research 

instruments included questionnaires, sanitation observation sheets, and E. coli laboratory tests on drinking 

water. Data analysis used the Chi-Square test. Results showed a prevalence of diarrhea in children aged 

under five years of 35%. Laboratory results showed that 60% of drinking water samples were positive for E. 

coli contamination, and 55% of households had poor sanitation. Statistical tests showed a significant 

relationship between drinking water quality (p < 0.001) and sanitation conditions (p = 0.002) with the 

incidence of diarrhea. Conclusion: Poor microbiological water quality and inadequate household sanitation 

are significant risk factors for diarrhea in Kualo Beach. An integrated approach that includes improvements 

in clean water facilities, sanitation, and hygiene education is urgently needed. 
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INTRODUCTION  

Diarrhea in toddlers remains a significant public health problem in many regions of 

Indonesia, including densely populated coastal cities such as Bengkulu. The Ministry of Health and 

previous studies have confirmed that diarrhea in toddlers is related to environmental and domestic 

behavioral factors, particularly the quality of drinking water and household sanitation. Various 

studies have shown that factors such as drinking water sources, microbiological contamination (e.g., 
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coliform/E. coli), and limited sanitation infrastructure contribute to the incidence of diarrhea in 

toddlers, both in general and in specific local contexts (Arsyina et al., 2019; Fauzi & Sari, 2020; 

Fitrizah, 2020). Research that assesses environmental factors more broadly also finds that basic 

sanitation conditions, housewives' hygiene-related behaviors, and the provision of toilets have a 

significant relationship with the incidence of diarrhea in toddlers in several coastal and urban areas 

of Bengkulu (Rukmana et al., 2020). Sustained health education and promotion of healthy lifestyles 

have also been identified as key components in preventing diarrhea in toddlers in coastal contexts 

(Editia, 2023). 

Promotion of Clean and Healthy Living Behaviors (PHBS) and family education related to 

oral health and hygiene play an important role in reducing cases of diarrhea in toddlers (Editia, 2023; 

D. K. Sari & Nurrohmah, 2019; I. P. Sari & Utami, 2022). The quality of household drinking water 

and sanitation/hygiene practices at the household level remain important focuses for reducing 

diarrhea morbidity in infants in coastal areas (Arsyina et al., 2019; Fitrizah, 2020). 

The quality of drinking water and sanitation as major determinants of diarrhea has been 

proven through various local studies. Research linking drinking water quality to coliform or total 

coliform contamination shows that the quality of household water sources is a major risk factor for 

diarrhea in toddlers, as exposure to pathogens can occur through water that does not meet hygiene 

standards (Pangestu & Dimjati Lusno, 2025). Another study in Bengkulu shows that the provision 

of clean water and household sanitation practices/behaviors are directly associated with the incidence 

of diarrhea in toddlers in the local health center's working area, confirming that access to clean water 

and proper sanitation is a prerequisite for mitigating the risk of diarrhea in coastal communities 

(Fauzi & Sari, 2020; Yuliana, 2025).  

Densely populated coastal communities with distinctive socioeconomic and environmental 

characteristics, such as Kualo Beach, have been relatively under-explored empirically in studies 

examining the relationship between clean water quality, household sanitation, and the incidence of 

diarrhea in toddlers. Although there are regional studies that map the determinants of diarrhea in 

toddlers in Bengkulu (e.g., the city of Bengkulu and its surroundings) and the relationship between 

water quality and sanitation practices, the focus of these studies is often limited to one dimension 

(clean water or sanitation) or does not explicitly assess the context of urban coastal ecosystems with 

their unique socio-economic dynamics (Fauzi & Sari, 2020; Fitrizah, 2020; Rukmana et al., 2020)  

Local studies integrating microbiological quality analysis of household drinking water with 

observations of sanitation practices in the context of Bengkulu have emerged in certain regional 

https://doi.org/10.64146/37nf3m92


Samuel 

The Relationship Between Clean Water Quality and Household……  

Volume 2(1) February 20216 

 

Heath Smart: Public Health Journal | 17 

https://doi.org/10.64146/37nf3m92 

 

 

research (e.g., the coastal area of Bengkulu City), but comparative studies examining the relationship 

between the two comprehensively at the micro-household level in urban coastal ecosystems are still 

rare (Fauzi & Sari, 2020; Fitrizah, 2020). The uniqueness of Kualo Beach as a coastal area within 

the Bengkulu Market area, with its dense population dynamics, distinctive socioeconomic details, 

and coastal physical environment that has the potential to modulate environmental health risks, 

provides an opportunity to test a more integrated hypothesis regarding how microbiological drinking 

water quality and household sanitation practices together shape the incidence of diarrhea in toddlers. 

Methodologically, many previous studies tend to analyze drinking water quality or sanitation 

separately, or assess both in an unintegrated manner within a single analytical framework. Studies 

that integrate the analysis of household drinking water microbiological quality with simultaneous 

observation of sanitation and hygiene practices in coastal contexts are still relatively rare and 

methodologically under-tested, requiring an approach that combines laboratory measurements (e.g., 

E. coli/coliform tests) with observations and structured questionnaires at the household level to reveal 

the dynamic relationship between the household environment and the incidence of diarrhea in 

toddlers (Arsyina et al., 2019; Fitrizah, 2020; Pangestu & Dimjati Lusno, 2025). 

This integrated approach is important for assessing how variables moderate each other (e.g., 

microbiological drinking water quality interacts with compliance with sanitation and hygiene 

practices) in the context of urban coastal ecosystems that have unique socioeconomic and 

environmental characteristics, a need that is explicitly recognized in national and regional literature 

(Fauzi & Sari, 2020; Fitrizah, 2020; I. P. Sari & Utami, 2022). 

An integrated analysis of water quality variables (through E. coli laboratory testing) and 

sanitation-behavior variables (through structured questionnaires and observation) at the micro level 

of households in an urban coastal ecosystem that has not been extensively researched. This study not 

only confirms the relationship between clean water quality, sanitation, and the incidence of diarrhea 

in toddlers, but also provides location-specific empirical evidence that can be used as a basis for 

formulating more targeted public health interventions for coastal communities. The literature 

supports that drinking water quality and sanitation are important determinants of diarrhea in young 

children in Indonesian contexts, including the Bengkulu region, with various studies showing a 

relationship between access to clean water, environmental hygiene, and sanitation behavior with the 

incidence of diarrhea in young children (Arsyina et al., 2019; Fauzi & Sari, 2020; Rukmana et al., 

2020) and that  

Laboratory reporting related to indicator bacteria such as E. coli is key to accurately assessing 

water quality. Therefore, the objective of this study is to analyze the relationship between clean water 
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quality and household sanitation with the incidence of diarrhea in toddlers in the coastal area of Kualo 

Beach, Bengkulu Market, through an integrated approach that combines household drinking water 

microbiological testing (E. coli) with observations of sanitation and hygiene practices, as well as 

measurements of local socioeconomic variables. Through this design, the study is expected to not 

only confirm the general relationship, but also provide location-specific empirical evidence that can 

be used as a basis for formulating more appropriate coastal community health interventions.  

  

METHODOLOGY 

Research Design 

This study used an observational analytical study design with a cross-sectional approach. 

This design was chosen to analyze the relationship between independent variables (clean water 

quality and household sanitation) and dependent variables (incidence of diarrhea in toddlers) 

measured simultaneously at one point in time. This approach is relevant for testing hypotheses 

regarding risk factors at the micro level of households in the coastal community of Kualo Beach. 

Research Location and Time 

This study was conducted in the coastal area of Kualo Beach, which is administratively part 

of the working area of Pasar Bengkulu sub-district, Bengkulu City. This location was chosen based 

on its characteristics as a densely populated coastal area with unique socio-economic dynamics, 

where comprehensive studies integrating water quality and sanitation are still limited. This study will 

be conducted from January to March 2025. 

Research Objectives 

The target population in this study includes all households with children under five years of 

age (toddlers) residing in the coastal area of Kualo Beach. The research sample was taken from a 

portion of the target population that met certain inclusion and exclusion criteria through purposive 

sampling. The inclusion criteria are households with at least one toddler aged 12-59 months, who 

have lived in the research location for at least the last six months, and parents or guardians who are 

willing to be respondents by signing an informed consent form. 

This study established exclusion criteria for toddlers with a history of chronic diseases or 

congenital disorders of the digestive system, as well as households that objected to the collection of 

drinking water samples for laboratory testing. To determine a representative sample size, the sample 

size was calculated using a proportion estimation formula for an unknown population, with a 

confidence level of 95% and a margin of error of 5%. 
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Data Collection Techniques and Instruments 

The data collection process in this study was carried out through an integrated approach that 

combined several main methods to obtain comprehensive data. First, a structured questionnaire was 

used to collect demographic data on respondents, history of diarrhea in toddlers during a certain 

period, and in-depth information on maternal hygiene practices. Second, direct observation was 

conducted using observation sheets to assess household sanitation conditions, including the 

availability and type of toilets, sewage systems, and household waste management systems. 

Primary data from respondents and physical observations, this study also involved laboratory 

testing to strengthen the analysis. Drinking water samples from each respondent's household will be 

collected and tested to analyze the content of E. coli bacteria as the main indicator of microbiological 

contamination. To ensure data accuracy, questionnaires and observation sheets will undergo validity 

and reliability testing on a population group with similar characteristics outside the research location 

before official field data collection is conducted. 

Data Analysis 

The collected data will then be processed and analyzed systematically using statistical 

software through two main stages. The first stage is univariate analysis, which aims to describe the 

characteristics of each research variable, both dependent and independent, presented in the form of 

frequency distributions and percentages. The second stage is bivariate analysis, which is conducted 

to test the strength of the relationship between the independent and dependent variables. This test 

uses the Chi-Square statistical test, where the analysis results are considered to have a statistically 

significant relationship if the p-value obtained is less than 0.05 (p < 0.05). 

 

 

 

 

RESULTS AND DISCUSSION  

RESULTS 

This study was conducted in Kualo Beach, a coastal area located in Pasar Bengkulu District, 

Bengkulu City. This location is characterized as a densely populated settlement with the majority of 

heads of households working as fishermen, laborers, and small traders. The environmental conditions 

close to the sea and high population density create unique challenges related to the provision of clean 

water and environmental sanitation management, which is the main background for the relevance of 
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this study. Data collection was conducted over a two-month period, from January to March 2025, 

involving 100 households with toddlers that met the inclusion criteria. 

Univariate analysis was performed to provide a descriptive overview of the frequency 

distribution of respondent characteristics (mothers of toddlers) and the main research variables, 

namely the incidence of diarrhea in toddlers, clean water quality, and household sanitation 

conditions. Respondent characteristics were analyzed based on age, highest level of education, and 

occupation. These demographic data are important for understanding the socioeconomic context of 

the research sample. A summary of the characteristics of the 100 respondents is presented in Table 

4.1 below. 

Table 4.1 Frequency Distribution of Respondent Characteristics in the Kualo Coastal Area  

Characteristics Category f  

Age < 20 years 8 8.0 

 20 - 35 years 65 65.0 

 > 35 years 27 27.0 

Highest level of education No schooling/elementary school 22 22.0 

 Junior High School 35 35 

 High School 38 38 

 University 5 5 

Occupation Housewife 72 72 

 Laborer/Fisherman 15 15 

 Self-employed 10 10 

 Other 3 3 

Total  100 100 

 

Based on Table 4.1, it can be seen that the majority of respondents are in the productive age 

group, namely 20-35 years (65.0%). In terms of education level, most respondents have a high school 

(38.0%) and junior high school (35.0%) educational background. This shows that basic to secondary 

education levels dominate the sample population. In terms of occupation, the majority of respondents 

were housewives (72.0%), indicating that mothers play a central role in childcare and daily household 

management, including the provision of drinking water and sanitation practices. The next analysis 

describes the dependent variable (incidence of diarrhea) and independent variables (quality of clean 

water and household sanitation). 
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Table 4.2 Frequency Distribution of Diarrhea Incidence in Toddlers 

Diarrhea Incidence f  

Yes 35 35.0 

No 65 65.0 

Total 100 100.0 

Table 4.2 shows that the prevalence of diarrhea among toddlers in the Kualo Beach area 

during the study period was quite high. A total of 35 out of 100 toddlers (35.0%) were reported to 

have diarrhea. 

Table 4.3 Frequency Distribution of Clean Water Quality Based on E. coli Testing 

Clean Water Quality f % 

Does Not Meet Requirements (E. coli Positive) 60 60 

Qualified (E. coli Negative) 40 40 

Total 100 100.0 

From the results of laboratory tests on 100 samples of household drinking water (Table 4.3), 

it was found that the majority of drinking water sources were contaminated. A total of 60 samples 

(60.0%) were declared Not Compliant because they tested positive for E. coli bacteria, which is an 

indicator of fecal contamination. 

Table 4.4 Frequency Distribution of Household Sanitation Conditions 

Household Sanitation f % 

Poor 55 55 

Good 45 45.0 

Total 100 100.0 

Based on the results of observations using a sanitation checklist (Table 4.4), it was found 

that more than half of households, namely 55 households (55.0%), had sanitation conditions that 

were categorized as Poor. This category includes a combination of several factors, such as ownership 

of unhealthy toilets, open sewage systems, and inadequate waste management. 

Bivariate analysis was performed to determine the relationship between each independent 

variable and the dependent variable. The statistical test used was Chi-Square (X2 ) with a significance 

level (α) of 0.05.1. Relationship between Clean Water Quality and Incidence of Diarrhea in Toddlers. 

To see the relationship between the quality of drinking water consumed and the incidence of diarrhea, 

the data are presented in the following cross-table. 
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Relationship between Clean Water Quality and Incidence of Diarrhea in Toddlers 

To see the relationship between the quality of drinking water consumed and the incidence of 

diarrhea, the data are presented in the following cross-table. 

Table 4.5 Relationship between Clean Water Quality and Incidence of Diarrhea in Toddlers 

Clean Water Quality 

Incidence of Diarrhea 
p-value 

Yes No 

f % f 

%  

 

0.001 Not Qualified 30 50.0 30 50 

Qualified 5 12.5 35 87.5 

Total 35 35.0 65 65 

The results of the analysis in Table 4.5 show a highly significant relationship between clean 

water quality and the incidence of diarrhea in toddlers. The proportion of diarrhea cases among 

toddlers who consumed water that did not meet standards (E. coli positive) was much higher, at 

50.0% (30 out of 60 toddlers). Meanwhile, in the group that consumed water that met standards (E. 

coli negative), the proportion of diarrhea cases was only 12.5% (5 out of 40 toddlers). The Chi-

Square test resulted in a p-value < 0.001. Since the p-value is less than (α) 0.05, it can be concluded 

that there is a statistically significant relationship between clean water quality and the incidence of 

diarrhea in toddlers in the Kualo Beach area. Figure 4.1 Percentage of Diarrhea Incidence Based on 

Clean Water Quality. 

Relationship between Household Sanitation and Incidence of Diarrhea in Toddlers 

The following table presents the results of the analysis of the relationship between household 

environmental sanitation conditions (categorized as 'Good' or 'Poor') and the incidence of diarrhea in 

infants. 

Table 4.6 Relationship between Household Sanitation and Incidence of Diarrhea in Infants 

Household Sanitation 

Diarrhea Incidence 
p-value 

Yes No 

f % f %  

0.002 
Poor 28 50.9 27 49.1 

Good 7 15.6 38 84.4 

Total 35 35.0 65 65 

From the revised Table 4.6, it can be seen that of the 55 households with 'Poor' sanitation 

conditions, 28 toddlers (50.9%) were reported to have diarrhea, and 27 toddlers (49.1%) did not. On 
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the other hand, out of 45 households with 'Good' sanitation, only 7 infants (15.6%) experienced 

diarrhea, with the remaining 38 infants (84.4%) in good health. 

The p-value = 0.002 (less than 0.05) confirms that there is a statistically significant relationship 

between household sanitation conditions and the incidence of diarrhea in toddlers. Toddlers living in 

environments with poor sanitation have a much higher incidence of diarrhea than those living in 

environments with good sanitation. 

 

DISCUSSION 

This study successfully revealed a statistically significant relationship between clean water 

quality and household sanitation with the incidence of diarrhea in infants in the coastal area of Kualo 

Beach, Bengkulu Market. These findings not only confirm established public health postulates Prüss-

Ustün et al (2019), but also provide specific and contextual empirical evidence on the dynamics of 

diarrhea risk in densely populated urban coastal ecosystems, a setting that remains under-explored 

in the literature (Fauzi & Sari, 2020; Wolf et al., 2022). 

Clean Water Quality as a Major Determinant of Diarrhea 

Bivariate analysis results show that toddlers who consume drinking water contaminated with 

E. coli have a much higher risk of experiencing diarrhea (50.0%) compared to those who consume 

water that meets the requirements (12.5%). The p-value < 0.001 reinforces this finding, confirming 

that microbiological water quality is a crucial risk factor. These findings are consistent with many 

previous studies, both globally and locally. A systematic study by Prüss-Ustün et al (2019) confirms 

that fecal-contaminated drinking water is one of the main environmental risk factors for diarrhea 

globally. Specifically in Indonesia, research by Pangestu & Dimjati Lusno (2025) also states that 

fecal contamination in household water sources, as indicated by the presence of E. coli, is the 

dominant transmission route for enteric pathogens. 

At Kualo Beach, the high percentage of water samples that tested positive for E. coli (60%) 

indicates the vulnerability of clean water infrastructure and/or unhygienic water storage and handling 

practices at the household level. The geographical characteristics of Kualo Beach, which is a coastal 

area, have the potential to affect the quality of shallow groundwater, which is often the main source 

of water for the community. Seawater intrusion and domestic wastewater flooding in densely 

populated areas can easily contaminate dug wells or other unprotected water sources (Bain et al., 

2014; Daryati et al., 2026). Cross-contamination from substandard septic tanks, due to high 

settlement density, further exacerbates this condition (Graham & Polizzotto, 2013). These findings 

underscore that, beyond physical access to water, the microbiological quality of consumed water is 
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a key indicator that must be addressed in public health interventions, as emphasized in WHO 

standards (World Health Organization, 2017). 

Household Sanitation: A Key Pillar in Diarrhea Prevention 

In parallel, household sanitation conditions have also been shown to have a significant 

association with the incidence of diarrhea (p=0.002). The proportion of diarrhea in toddlers living in 

households with "Poor" sanitation (50.9%) was more than three times higher than that of those living 

in "Good" sanitation environments (15.6%). These results are consistent with the growing body of 

evidence. Concluded in their meta-analysis that effective sanitation interventions can reduce the risk 

of diarrhea by 25%. At the local level, studies by Rukmana et al. (2020) In the coastal region of 

Bengkulu, and Fitrizah (2020) found similar patterns, emphasizing that owning a healthy toilet, a 

closed sewage system (SPAL), and proper waste management are the first line of defense in breaking 

the chain of diarrhea transmission. 

Poor sanitation creates an environment conducive to the breeding of disease vectors and 

increases the chances of contact between humans and pathogens, a relationship described in the F-

Diagram theory framework (Lanoix & Wagner, 1958). In coastal areas such as Kualo Beach, where 

many households may not have access to adequate sanitation or SPAL, wastewater runoff can 

contaminate the environment extensively, including children's play areas. This increases exposure 

for toddlers, who are more vulnerable due to their habit of frequently putting their hands or objects 

in their mouths (Rheingans et al., 2012). These findings reinforce the argument that improving access 

to and quality of basic sanitation should be a priority program, not only as a health issue but also as 

a human development and environmental issue (World Bank, 2023). 

The Dynamic Interaction between Water, Sanitation, and Behavior in a Socio-Economic 

Context 

The main strength of this study lies in its integrated approach, which allows us to look at 

both variables simultaneously in a specific socio-economic context. Although analyzed separately in 

bivariate tests, water quality and sanitation are essentially two sides of the same coin in the Water, 

Sanitation, and Hygiene (WASH) framework. The two interact in modulating the risk of diarrhea 

(Cumming et al., 2019). A household with an initially adequate water source can become 

recontaminated due to unclean storage practices, which are often influenced by the knowledge and 

behavior of caregivers (Ejemot-Nwadiaro et al., 2021). 

The dominance of respondents with lower secondary education (junior high school and high 

school reached 73%) and housewives (72%) provides an important social context. Low levels of 
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education and income are often associated with limited access to resources and information, which 

ultimately affects health practices. Although housewives play a central role in maintaining hygiene, 

limited knowledge and awareness of healthy and clean living practices (PHBS) can be a hindering 

factor. Education on the importance of handwashing with soap, safe drinking water management at 

home, and proper fecal disposal is crucial. A study by Editia (2023) in the Indonesian context has 

proven the effectiveness of intensive and sustained promotion of PHBS in reducing diarrhea rates 

among toddlers. 

Therefore, the high prevalence of diarrhea (35%) in Kualo Beach is most likely the result of 

an interrelated "triple burden": (1) intrinsically poor water source quality, (2) inadequate 

environmental sanitation conditions, and (3) suboptimal hygienic practices, all of which are 

exacerbated by socio-economic factors. This interaction creates a cycle of transmission that is 

difficult to break without comprehensive and multidimensional interventions (Wolf et al., 2022). 

The findings of this study provide clear and targeted policy messages. First, technical 

interventions are needed to improve the quality of clean water, such as promoting the use of simple 

and affordable water purification technologies (e.g., ceramic filtration, chlorination) at the household 

level, as well as repairing and expanding piped clean water supply infrastructure by local 

governments (UNICEF & World Health Organization, 2020). Second, sanitation improvement 

programs must be intensified, not only through toilet construction subsidies, but also through 

community-based approaches such as Community Led Total Sanitation (CLTS) to encourage 

changes in social norms and the development of communal SPALs in densely populated areas 

(Cameron et al., 2019). Third, and no less important, are behavioral interventions targeting mothers 

of young children. The promotion of healthy lifestyles needs to be designed with educational 

materials that are easy to understand, contextual, and utilize effective communication channels, such 

as integrated health service post cadres and religious study groups (Sari et al., 2022). Collaboration 

between community health centers, village governments, and community leaders is key to the success 

of this education program. The One Health approach, which integrates human, animal, and 

environmental health, is also relevant given the coastal characteristics that are close to marine 

ecosystems (World Health Organization., 2022). 

This study has several limitations. The cross-sectional design used does not allow for causal 

conclusions. The possibility of recall bias from respondents in reporting diarrhea cases also cannot 

be completely avoided. In addition, this study did not measure hygienic behavior variables (such as 

handwashing frequency and quality) quantitatively and objectively, which are important components 

in the Water, Sanitation, and Hygiene (WASH) framework. Water quality was measured only once 
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(single sampling), so it may not fully represent water quality over time. Further research with a cohort 

or quasi-experimental design to test the effectiveness of integrated WASH interventions covering 

water, sanitation, and behavior simultaneously is highly recommended. 

 

CONCLUSION 

This study proves that poor clean water quality and inadequate household sanitation 

conditions are significant risk factors for diarrhea in toddlers in the coastal area of Kualo Beach. 

These findings, supported by extensive previous literature, confirm that an integrated WASH 

approach combining improvements in water and sanitation infrastructure with strong hygiene 

promotion and consideration of social determinants is the most targeted and sustainable strategy for 

reducing diarrhea morbidity in vulnerable coastal communities such as this. This evidence-based 

local intervention is expected to contribute to improving community health and achieving 

Sustainable Development Goals (SDGs), particularly SDG 3 (Good Health) and SDG 6 (Clean Water 

and Sanitation). 
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