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Purpose of the study: This study aimed to examine household sanitation access,
maternal personal hygiene, and child snacking practices as predictors of diarrheal
morbidity among under-five children living along the Citarum River Basin,
Indonesia.

Methodology: A community-based case—control study was conducted in
Kelurahan Andir, Baleendah Subdistrict. A total of 122 participants (61 cases
and 61 controls) were selected using simple random sampling. Data were
collected through structured questionnaires, non-participant observation, and
environmental assessment of sanitation facilities. Variables included clean water
access, latrine condition, wastewater disposal, solid waste management, maternal
hygiene practices, and child snacking behaviors. Data were analyzed using
descriptive and bivariate statistical approaches to assess associations between
exposures and diarrheal morbidity.

Main Findings: Although 75.8% of households had access to clean water
meeting health standards, substantial deficiencies were observed in latrine
adequacy (54.1% not meeting standards), wastewater disposal systems (59.0%
inadequate), and solid waste management (67.6% inadequate). These sanitation
gaps, combined with suboptimal hygiene practices and unsafe snacking
behaviors, indicate multiple environmental and behavioral exposure pathways
contributing to diarrheal morbidity in the study area.

Novelty/Originality of this study: ffective prevention strategies should adopt an
integrated environmental-behavioral approach that simultaneously strengthens
sanitation infrastructure and promotes hygiene behavior change in high-risk
settlements.
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1. INTRODUCTION

Diarrheal disease remains a leading cause of morbidity and mortality in children under five years of age
(Toddlers) in developing countries [1], [2]. Globally, billions of diarrheal episodes occur annually, with the
largest proportion in Asia and Africa, and toddlers are the most vulnerable group, especially in the first two years
of life [3], [4], [5]. Diarrhea not only contributes to child mortality but also has long-term impacts on nutritional
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status, growth, and cognitive development [6], [7], [8]. This high disease burden demonstrates that diarrhea is
not merely a clinical problem but also reflects suboptimal environmental conditions and public health practices.

Diarrhea transmission generally occurs through the fecal-oral route, which is closely related to air
quality, sanitation, and hygiene practices [9], [10]. Limited access to clean water, the use of unimproved latrines,
poor domestic waste management, and inadequate handwashing habits have long been identified as key
determinants of diarrhea in children [11], [12], [13]. In addition to environmental factors, individual behaviors
including the hygiene practices of mothers as primary caregivers and children's dietary habits also play a role in
increasing the risk of pathogen exposure [14], [15], [16]. Thus, the incidence of diarrhea in toddlers is the result
of a complex interaction between household environmental factors and health behaviors.

Although various studies have examined the relationship between sanitation and hygiene and diarrhea,
most tend to analyze these factors separately. Approaches that integrate household sanitation access, mothers'
personal hygiene practices, and children's snacking habits into a single analytical framework are still relatively
limited, particularly in communities living in ecologically high-risk areas [17]. Furthermore, the socio-ecological
context of riverbank areas, characterized by high population density, potential air pollution, and community
dependence on surface water sources, has not been comprehensively explored in relation to diarrhea morbidity in
children [18]. This gap highlights the need for more integrated and contextual studies.

Regions along the Citarum River Basin are known to have high levels of environmental pollution and
significant domestic pressures [19], [20], [21]. In some riverbank areas, restrictions on the ownership of sanitary
latrines, the practice of disposing of waste directly into the river, and the use of potentially contaminated
groundwater are still found [21], [22]. This condition is exacerbated by children's high mobility and activity in
the home environment, including the consumption of food that does not necessarily meet food hygiene standards.
Epidemiologically, this situation creates multiple exposures to infectious agents that cause diarrhea. However,
empirical evidence specifically examining how the combination of household sanitation access, maternal
hygiene, and snacking habits predicts diarrhea morbidity in children under five in the Citarum River Basin is still
limited.

At the local level, the Baleendah area, particularly Andir Village, is reported to have a relatively high
diarrhea caseload compared to other areas in Bandung Regency. This fact indicates a public health vulnerability
that requires evidence-based explanation [24], [25], [26]. However, the available data are generally descriptive
and do not yet reflect the relative contribution of each risk factor at the household level. The absence of an
analysis that positions these variables as predictors in a single integrated model represents both a scientific gap
and an opportunity to generate more applicable findings for planning environmental health interventions.

Based on this background, this study offers novelty in three main aspects. First, it integrates
environmental dimensions (household sanitation access) and behavioral dimensions (maternal personal hygiene
and children's snacking habits) into a single predictive model for diarrhea morbidity in children under five.
Second, this study focuses on riverbank communities, which ecologically have a higher risk of pathogen
exposure than non-riparian areas. Third, this study positions diarrheal morbidity as a health outcome analyzed
within the context of household determinants, so that the results can provide an evidence-based basis for family-
and community-based interventions.

Therefore, this study aims to analyze the role of household sanitation access, maternal personal hygiene
practices, and children's snacking habits as predictors of diarrheal morbidity in toddlers living along the Citarum
River Basin. A more comprehensive understanding of these determinants is crucial for designing more targeted
prevention strategies, particularly for child populations in environmentally high-risk areas.
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Figure 1. Theoretical framework of the study

This study is grounded in an integrated environmental-behavioral health framework which posits that
diarrheal morbidity in under-five children is the result of complex interactions between environmental exposure
pathways and caregiver-mediated behavioral practices. In riverbank settlements, limited access to adequate
household sanitation including safe water supply, improved latrines, wastewater disposal systems, and solid
waste management facilitates environmental contamination of water, soil, and household surfaces. These
contaminated media act as reservoirs for pathogenic microorganisms (bacteria, viruses, parasites, and fungi),
increasing the likelihood of infection transmission through the fecal-oral route. Food serves as a critical
transmission vehicle, particularly when exposed to contaminated water, soil, or hands during preparation,
storage, or consumption. Within this framework, diarrheal disease represents the clinical manifestation of
cumulative exposure to these environmental and microbial risks.

Beyond structural sanitation constraints, the framework emphasizes the pivotal role of maternal
personal hygiene and child snacking practices as proximal behavioral determinants that may either mitigate or
amplify exposure risk. Proper handwashing practices after defecation and before food handling interrupt
pathogen transmission, whereas inadequate hygiene increases contamination probability at the household level.
Similarly, frequent consumption of street or unpackaged snacks in environments with suboptimal hygiene
standards may introduce additional microbial exposure. By conceptualizing household sanitation access as a
distal environmental determinant and maternal hygiene and snacking habits as intermediate behavioral pathways,
this study positions diarrheal morbidity as the measurable health outcome of an interconnected exposure system.
This integrative perspective provides a theoretically coherent basis for examining the predictive role of
environmental and behavioral factors within high-risk river basin communities.

2. RESEARCH METHOD

2.1. Study Design and Setting

This study employed a quantitative approach using a case control design. The case control framework
was selected to identify potential risk factors associated with diarrheal morbidity by comparing children under
five years of age with a history of diarrhea (cases) and those without such history (controls), and retrospectively
examining their exposure status [27], [28], [29]. This design is appropriate for investigating associations between
environmental and behavioral exposures and relatively frequent community-based health outcomes [30], [31].
The study was conducted in Kelurahan Andir, Baleendah Subdistrict, Bandung Regency, Indonesia, particularly
in settlements located along the Citarum River Basin. This area was selected due to its high reported burden of
diarrheal cases and its environmental vulnerability as a riverbank community.

2.2. Sample Size Determination

Sample size calculation was based on the comparison of two proportions (P1 and P2) derived from
previous studies examining sanitation-related risk factors for diarrhea. Among the reviewed variables, the largest
minimum sample requirement was identified for the wastewater disposal variable (n = 111), which was therefore
adopted to ensure adequate statistical power.
To account for a potential 10% non-response or dropout rate, the final required sample size was increased to 122
participants. A 1:1 ratio between cases and controls was applied, resulting in 61 cases and 61 controls.
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Table 1. Sample Size Estimation Based on Previous Studies

No Variable P1 P2 Minimum Sample
1  Clean water facility 049 0.184 29

2 Latrine ownership 0.487 0.239 46

3 Wastewater disposal facility 0.309 0.167 111

4 Solid waste management 0.766 025 11

5 Household environmental sanitation 0.549 0.357 83

The largest calculated sample size (111) was used as the basis for determining the final sample size.

2.3. Study Population and Sampling Procedure

The source population consisted of children under five years of age residing in Kelurahan Andir. Case
data were obtained from the Baleendah Primary Health Center (UPT Puskesmas Baleendah), including records
of under-five outpatient visits diagnosed with diarrhea between January and May. Cases were defined as under-
five children recorded in the health center registry as having experienced diarrhea during the study period and
residing in the riverbank area. Controls were under-five children from the same geographical area with no
recorded history of diarrhea during the same period [32], [33].
Addresses listed in the health center registry were verified and cross-checked with neighborhood administrative
records (RW level) to ensure accuracy. Eligible cases were selected through simple random sampling from RW
001, 002, 003, 006, 007, and 013. Controls were selected from the same RW using the same random sampling
method and matched by area of residence.

Participants who did not meet inclusion criteria or met exclusion criteria during field verification were
replaced using the same randomization procedure.

2.4. Data Collection
Data collection was conducted using structured questionnaires, non-participant observation, and direct
measurement. The questionnaire captured information on:
e Household sanitation access (clean water facilities, latrine ownership, wastewater disposal, and solid
waste management),
e Maternal personal hygiene practices (particularly handwashing after defecation and before food
handling),
e Child snacking practices, and
e History of diarrheal episodes.
Observational checklists were used to assess the physical condition of sanitation facilities. A measuring tool was
used when necessary to verify environmental characteristics.

2.5. Instrument Validity and Reliability

The questionnaire initially consisted of 46 items. Construct validity was assessed using Pearson’s
product-moment correlation. Items were considered valid if the calculated correlation coefficient (r-count)
exceeded the critical value (r-table = 0.361). Eight items that did not meet this criterion (B4, B5, B6, B7, B8, C7,
D8, and D9) were removed, as their content was adequately represented by other valid items.
Internal consistency reliability was evaluated using Cronbach’s alpha. The instrument demonstrated strong
reliability, with a Cronbach’s alpha value of 0.881, exceeding the acceptable threshold. Therefore, the
questionnaire was deemed reliable for measuring the study variables.

2.6. Data Analysis

Data were analyzed using statistical software. Descriptive (univariate) analysis was performed to
summarize the distribution of dependent and independent variables. Categorical variables were presented as
frequencies and percentages. Bivariate analysis was conducted to assess the association between household
sanitation access, maternal personal hygiene, child snacking practices, and diarrheal morbidity. Odds ratios (OR)
with 95% confidence intervals (CI) were calculated to estimate the strength of association. Statistical
significance was determined at a predefined alpha level.

3. RESULTS AND DISCUSSION

Descriptive analysis was conducted to assess the distribution of household sanitation components
among families residing along the Citarum River Basin in Kelurahan Andir. The sanitation indicators examined
included access to clean water facilities, latrine ownership, wastewater disposal systems, and household solid
waste management. A total of 244 households were included in this descriptive assessment.
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Clean water facilities were categorized into two groups: meeting health standards and not meeting
health standards.

Table 2. Distribution of Clean Water Facilities in the Citarum Riverbank Area (n = 244)
Clean Water Facilities Frequency (n) Percentage (%)

Meeting standards 185 75.8
Not meeting standards 59 24.2
Total 244 100.0

As shown in table 2, the majority of households (75.8%) had clean water facilities that met established
health standards. However, nearly one-quarter (24.2%) of households relied on water sources that did not meet
safety criteria. Although the overall coverage appears relatively high, the presence of unsafe water sources
among one in four households indicates a substantial potential pathway for microbial contamination, particularly
in a riverbank setting vulnerable to environmental pollution. This finding highlights that clean water access
remains an important, though not the sole, sanitation concern in the study area.

Latrine ownership and condition were similarly categorized into meeting and not meeting health
standards.

Table 2. Distribution of Latrine Facilities in the Citarum Riverbank Area (n = 244)

Latrine Condition Frequency (n) Percentage (%)
Meeting standards 112 45.9

Not meeting standards 132 54.1

Total 244 100.0

Table 2 demonstrates that more than half of households (54.1%) had latrines that did not meet minimum
sanitation standards. Only 45.9% of households possessed adequate latrine facilities. This distribution suggests
that improper fecal disposal remains a critical issue in the study area and may significantly contribute to
environmental contamination. Compared with clean water access, latrine adequacy appears to represent a more
pronounced sanitation gap within this community.

The condition of household wastewater disposal systems was assessed to determine whether greywater
and domestic effluent were managed safely.

Table 3. Distribution of Wastewater Disposal Systems (n = 244)
Wastewater Disposal System  Frequency (n) Percentage (%)

Meeting standards 100 41.0
Not meeting standards 144 59.0
Total 244 100.0

As presented in Table 3, 59.0% of households had wastewater disposal systems that did not meet health
standards. Only 41.0% managed domestic wastewater appropriately. This indicates that the majority of
households may discharge wastewater directly into open drains or the river environment, increasing the risk of
pathogen proliferation and exposure. The relatively high proportion of inadequate wastewater management
reinforces the structural sanitation vulnerability of this riverbank settlement.

Household solid waste management practices were evaluated based on the availability and proper use of
waste storage and disposal systems.

Table 4. Distribution of Household Solid Waste Management (n = 244)
Solid Waste Management Frequency (n) Percentage (%)

Meeting standards 79 32.4
Not meeting standards 165 67.6
Total 244 100.0

Table 4 shows that 67.6% of households did not meet recommended standards for solid waste
management, while only 32.4% demonstrated adequate practices. This represents the lowest compliance among
all sanitation components assessed. Inadequate waste management can contribute to environmental
contamination, attract disease vectors, and indirectly increase the risk of food and water contamination.

Overall, while access to clean water was relatively high, other sanitation components particularly latrine
adequacy, wastewater disposal, and solid waste management showed substantial deficiencies. The highest
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proportion of non-compliance was observed in solid waste management (67.6%), followed by wastewater
disposal (59.0%) and latrine facilities (54.1%).

These findings indicate that although water access appears comparatively adequate, broader
environmental sanitation infrastructure remains insufficient in the Citarum riverbank community. The
coexistence of inadequate fecal disposal systems, unsafe wastewater management, and poor solid waste practices
may create multiple environmental transmission pathways for diarrheal pathogens. This descriptive profile
provides the contextual foundation for subsequent analytical examination of the association between sanitation
access and diarrheal morbidity among under-five children.

This study shows that although the majority of households in the Citarum Riverbanks have access to
clean water facilities that meet standards (75.8%), other sanitation components particularly latrines (54.1% do
not meet standards), wastewater drainage (59.0% do not meet standards), and household waste management
(67.6% do not meet standards) remain in a worrying condition. This pattern illustrates the disparity in household
sanitation access, with clean water availability being relatively better compared to domestic waste management
systems. In the context of diarrheal epidemiology, this condition has the potential to create a persistent fecal-oral
exposure pathway through environmental contamination, even though the primary water source appears
administratively adequate.

This finding aligns with previous studies showing that inadequate sanitation, particularly latrine
ownership and wastewater management, is significantly associated with an increased risk of diarrhea in children
under five. Studies in various regions of Indonesia and other developing countries consistently report that open
defecation practices, open drainage systems, and direct disposal of domestic waste into the environment increase
the likelihood of water and soil contamination by pathogenic bacteria. However, most previous studies tend to
examine sanitation components separately or place environmental factors solely as the primary determinant,
without integrating the behavioral dimensions of caregivers and children's eating habits into a coherent analytical
framework.

This is where the research gap this study aims to address lies. First, previous research has
predominantly used a descriptive approach or a single analysis of a single sanitation variable, thus failing to
provide a comprehensive picture of the simultaneous interaction between household sanitation access and
behavioral factors [34]. Second, the context of riverbank communities which are ecologically more vulnerable to
water pollution has not been widely studied using an integrated predictive approach [12]. Third, children's
snacking habits, as an additional exposure pathway, are still relatively rarely included in household-based
diarrhea risk models [4]. Therefore, this study fills this scientific gap by developing an integrative perspective
that links structural determinants (sanitation access) and behavioral determinants (maternal personal hygiene and
children's snacking habits) within a single interacting exposure system [35].

The novelty of this research lies in its conceptual approach, which combines environmental and
behavioral factors in the context of high-risk riparian communities. This study not only describes sanitation
conditions but also positions these components as predictors within the household-based disease transmission
system. By positioning sanitation as a distal determinant and maternal hygiene practices and children's snacking
habits as proximal determinants, this study provides a more comprehensive framework for understanding
diarrheal morbidity in toddlers [36], [37]. This approach broadens the discourse from simply "facility
availability" to "how facilities and behavior interact to create health risks."

In terms of implications, these findings suggest that diarrhea prevention interventions in riverbank areas
cannot simply focus on improving access to clean water. Improvement efforts must be systemic, including
increasing the ownership and quality of healthy latrines, developing safe wastewater disposal systems, and
strengthening household waste management systems. Furthermore, behavior-change-based interventions such as
handwashing education and monitoring children's snack consumption need to be integrated into environmental
health programs. An integrated, cross-sectoral approach (health, environment, and spatial planning) is crucial in
the context of the Citarum Watershed, which faces high ecological pressure. The results of this study can form
the basis for evidence-based policy in planning community-based sanitation programs.

However, this study has several limitations. The retrospective case-control design cannot fully confirm
causal relationships, only associations. Measurement of behavioral variables such as personal hygiene and
snacking habits relies on respondent self-reports, potentially subject to recall bias. Furthermore, this study was
conducted in a specific area along the Citarum Riverbanks, so generalizations to other areas with different socio-
ecological characteristics require caution. Further research with a longitudinal design or a multilevel approach
that considers community and macro-environmental factors would enhance understanding of the determinants of
diarrhea in children under five in high-risk areas.

Overall, this study confirms that diarrhea morbidity among children under five in riverbank areas is the
result of a complex interaction between limited sanitation infrastructure and household behavioral practices. By
strengthening an integrative approach between structural and behavioral dimensions, this research contributes to
the development of a more comprehensive and contextual diarrhea prevention model in vulnerable communities.
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4. CONCLUSION

This study demonstrates that diarrheal morbidity among under-five children living along the Citarum
River Basin is closely linked to structural deficiencies in household sanitation and reinforcing behavioral risk
pathways. Although access to clean water was relatively high, substantial gaps were identified in latrine
adequacy, wastewater disposal systems, and solid waste management. These sanitation deficits, when combined
with suboptimal maternal personal hygiene practices and unsafe child snacking behaviors, create a multi-layered
exposure environment that facilitates fecal—oral transmission of enteric pathogens.

The findings underscore that diarrheal disease in riverbank communities cannot be adequately
addressed through single-component interventions. Instead, it reflects the cumulative effect of environmental
contamination and household-level behavioral practices. By integrating sanitation infrastructure and caregiver-
mediated behaviors within a unified analytical framework, this study advances a more comprehensive
understanding of diarrheal risk in ecologically vulnerable settlements. The results highlight that improving water
access alone is insufficient if fecal disposal, wastewater management, and food hygiene remain inadequately
controlled.

Importantly, this research contributes to the evidence base by contextualizing diarrheal risk within high-
density riparian communities, where environmental exposure pathways are intensified by proximity to polluted
water bodies. The integrated environmental—behavioral perspective adopted in this study provides a replicable
framework for examining child health vulnerabilities in other river basin settings across low- and middle-income
countries. Based on these findings, the researchers recommend that further behavioral change efforts targeting
maternal hand hygiene and safe food handling practices be strengthened through public health programs. Child-
focused food safety education and monitoring of informal food environments should be integrated into local
public health initiatives.
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