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Abstract

Access to safe drinking water is a key target under SDG 6.1; yet
household-level risks remain under-monitored in Indonesia. This study
aimed to assess household drinking-water quality in the Rumbai Bukit
PHC area as part of the implementation of STBM pillar 3 by the
Household Drinking Water Quality Surveillance (KAMRT). A cross-
sectional surveillance (July-Sept 2024) tested 24 household water
samples from wells, PDAM, and refill depots for physical (colour,
turbidity, odour, TDS), chemical (pH, Fe, Mn), and microbiological (E.
coli) parameters. Laboratory examination showed that 22 samples
(91.7%) were positive for E. coli, with the highest contamination
detected in dug-well (100%) and refill-depot water (87.5%), while only
one PDAM sample was positive. In addition, three parameters, pH
(33.3%), Fe (25%), and Mn (20.8%), failed to meet the national
standards set in the Ministry of Health Regulation No. 2/2023. No
samples failed for colour, odour, turbidity, or TDS. Most household water
was unsafe microbiologically. Strengthened internal/external
monitoring, public education on safe storage/treatment, and multi-
sector collaboration using community-based technologies are required
to secure sustainable safe water access.
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Introduction

Access to safe drinking water is essential for preventing waterborne diseases and remains a key

component of SDG 6.1. Although global progress has been made, more than 2 billion people still lack safely
managed drinking water services (WHO & UNICEF, 2022). In low- and middle-income countries, microbial
contamination is frequently reported even from improved water sources due to infrastructure limitations,
environmental conditions, and household handling practices (Bain et al., 2014; Shaheed et al., 2014).

In Indonesia, challenges in achieving universal access to safe drinking water persist. National

surveys show that only around half of households obtain water that meets drinking-water safety
requirements, and contamination is common in both piped and non-piped sources (Riskesdas 2018;
Ummah & Adriyani, 2019;). Refillable drinking-water depots—widely used due to their affordability—often
fail to comply with hygiene and sanitation standards, resulting in microbiological contamination (Rahayu &
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Herniwanti, 2022; Ronny & Syam, 2016). Similar problems are documented for household wells,
particularly shallow dug wells that are prone to fecal intrusion.

The Ministry of Health has introduced the Household Drinking Water Quality Surveillance
(KAMRT) approach to support the operationalization of STBM pillar 3 and enable PHCs to monitor drinking-
water safety at the community level systematically. However, no KAMRT-based surveillance has previously
been conducted in the Rumbai Bukit PHC area, despite the known reliance on varied water sources—dug
wells, PDAM, and refill depots—and the absence of routine quality-monitoring reports.

This study addresses this local gap by assessing the microbiological and physicochemical quality of
household drinking water in the Rumbai Bukit PHC area using the KAMRT framework. The findings aim to
inform STBM programming, strengthen PHC surveillance, and contribute to achieving local progress toward
SDG 6.1. Previous studies have emphasized the need for technology-based water quality monitoring
systems, such as WaterScope, which can expand sustainable water monitoring access in urban settings
(Hasan et al., 2022). On the other hand, the Community-Based Total Sanitation (STBM) program has also
proven effective in improving clean and healthy living behavior (PHBS) among communities and reducing
the risk of diarrheal diseases (Novi et al., 2022). This reinforces the urgency of household drinking water
quality research to support the achievement of Sustainable Development Goals (SDGs) point 6.

The research gaps is the first KAMRT-based household surveillance in Rumbai Bukit PHC to inform
STBM-pillar 3 implementation and local SDG-6.1 progress . Therefore, drinking water quality is a
multidimensional issue involving environmental, technical, social, and behavioral factors. This study aims
to assess household drinking water quality in the Rumbai Bukit Public Health Center area, Pekanbaru City,
contributing to the mapping of local safe water challenges and supporting the achievement of SDG 6.1.

Methods

Study Design and Setting

A cross-sectional surveillance assessment was conducted from July to September 2024 in the Rumbai Bukit
Public Health Center (PHC) area, Pekanbaru City, Indonesia. The assessment followed the operational steps
of the Household Drinking Water Quality Surveillance (KAMRT) program.

Sampling Strategy and Sample Size Justification

A stratified purposive sampling approach was used to ensure representation of the three major household
water-source categories identified by the PHC: dug wells, PDAM connections, and refill-water depots.
Within each source category, households were selected based on PHC household lists and accessibility
during the surveillance period.

A total of 24 samples were collected. The number was determined based on (1) representation of all major
water-source types, (2) available laboratory processing capacity for weekly batch testing, and (3) resource
constraints typical of routine PHC surveillance activities. The sample composition was: 10 dug wells, 6
PDAM household connections, and 8 refill-water depot samples. The final sample size of 24 reflected
operational constraints, including limited reagent availability from the District Health Office and insufficient
laboratory staffing. This sampling is part of an ongoing annual surveillance effort that will continue each
year until the full target sample coverage is achieved.

Water Quality Parameters and Laboratory Examination

Each water sample was analysed for:

e Microbiological: Escherichia coli using the Most Probable Number (MPN) method.

e Physical: colour, turbidity, odour, total dissolved solids (TDS).

e Chemical: pH, iron (Fe), manganese (Mn).

All examinations followed the Indonesian Ministry of Health Regulation No. 2/2023. Results were compared
with the national drinking-water quality standards (MoH Regulation No. 492/2010).

Data Analysis

Findings were summarized descriptively using frequencies and percentages. Non-compliance patterns
were examined across different source types to identify contamination profiles.

Results

The findings showed that the majority of household drinking water samples contained E. coli,
indicating microbiological contamination. The highest percentage of contamination was found in
groundwater and refill water depots . Laboratory testing of 24 household drinking water samples revealed
that four parameters exceeded acceptable standards.
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Table 1. Summary of Household Drinking Water Quality Analysis

Parameter Non-compliant Samples Percentage (%)
E. Coli 22 91.7
pH 8 333
Fe 6 25.0
Mn 5 20.8
Color, odor, turbidity, TDS 0 0

Atotal of 24 household water samples were collected, consisting of 10 from dug wells, 6 from PDAM
connections, and 8 from refill-water depots. Laboratory analysis assessed the compliance of each sample
with national drinking-water quality standards for microbiological (E. coli), pH, iron (Fe), and manganese
(Mn), as well as physical parameters (colour, odour, turbidity, and TDS). Table 2 summarizes the
distribution of non-compliant samples for each parameter across the different water sources.

Table 2. Household Drinking-Water Quality by Parameter and Water Source

Water No. of E. coli positive pH non- Fe non-compliant cl(\)/[nli rll?:l; t
Source Samples (n) (%) compliant (%) (%) (50)
Dug well 10 10 (100 %) 3(30%) 2 (20 %) 2 (20 %)
PDAM 6 1(16.7 %) 2(33.3%) 1(16.7 %) 1(16.7 %)
Refill-water 8 7 (87.5 %) 3 (37.5%) 3 (37.5 %) 2 (25 %)

depot

Total 24 22 (91.7 %) 8 (33.3 %) 6 (25.0 %) 5(20.8 %)
Notes: No samples failed on colour, odour, turbidity, or TDS.

100 ‘Household Drinking Water Quality - Non-compliant Parameters 100 E. coli Contamination by Water Source

= 80r - 80

EL 40+ % 40

. 20 8 20

0 E. coli pH Fe Mn 0 Dug well PDAM Refill depot

Fiqure 1,2. Household drinking water- non compliant parameter and E.coli contamination by
water source

To complement the tabulated findings, Figure 1 illustrates the percentage of non-compliant samples
for each tested parameter (E. coli, pH, Fe, and Mn). Figure 2 displays the distribution of E. coli contamination
according to the household water sources—dug wells, PDAM, and refill-water depots—highlighting that
contamination was highest in dug-well and refill-depot water.

A total of 24 household drinking-water samples were analysed. Overall, 22 samples (91.7%) were
positive for E. coli, indicating widespread microbiological contamination. Non-compliance was also
recorded for pH (33.3%), Fe (25%), and Mn (20.8%), while all samples met standards for colour, odour,
turbidity, and TDS.

Contamination patterns varied substantially by water source. Dug-well water showed universal
contamination (100%), suggesting persistent fecal intrusion likely related to shallow well construction,
poor sealing, and proximity to sanitation facilities. Refill-water depots also exhibited high contamination
(87.5%), indicating inadequate sanitation during processing or distribution. In contrast, PDAM water had
the lowest contamination (16.7%), though still not fully compliant.

Chemically, non-compliant pH and metal concentrations were found across all water sources, with
the highest proportion of pH failures in refill-water depots (37.5%) and PDAM connections (33.3%). These
issues may reflect distribution-system conditions, treatment processes, or household storage practices.
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Discussion

This surveillance revealed that most household drinking-water samples in the Rumbai Bukit PHC
area failed to meet microbiological safety standards, with E. coli detected in 91.7% of samples. The
contamination levels are consistent with national reports showing that many Indonesian households still
consume water that does not meet safety requirements (Ummah & Adriyani, 2019; Aisyah & Sukarno,
2020). International research similarly indicates that improved water sources may remain unsafe at the
point of consumption (Bain et al., 2014; Shaheed et al., 2014).

High contamination in dug-well water (100%) likely reflects structural and environmental
vulnerabilities. Many wells in the study area are shallow, unlined, and located close to septic tanks, allowing
for infiltration of fecal matter during rainfall or through permeable soil. These findings align with studies
showing that well design, distance from sanitation facilities, and groundwater vulnerability are strong
predictors of microbial contamination.

Refill-water depots also exhibited substantial contamination (87.5%), which is concerning given that
depot water is widely perceived as safer than other sources. Possible contributors include poor
maintenance of filtration and UV systems, inadequate operator training, and inconsistent hygiene practices
during bottling and transport—issues previously documented in other Indonesian cities (Rahayu &
Herniwanti, 2022; Sari et al,, 2020). Household handling of jerry cans and galon containers may further
compound contamination risks. Such contamination increases the risk of diarrheal diseases, stunting, and
other waterborne illnesses, echoing WHO’s (2019) warning on the health burden of unsafe water.

The comparatively low contamination rate in PDAM samples indicates that treated piped water
generally performs better; however, even a 16.7% failure rate suggests vulnerabilities such as leakage,
intermittent flow causing pressure drops, or contamination during storage at the household level.

The chemical non-compliance (pH, Fe, Mn) suggests additional water-quality issues related to
groundwater characteristics, corrosion of distribution pipes, and inadequate household storage. While
these values do not pose immediate acute risks, they may influence aesthetic quality and consumer
acceptability. Strengthening KAMRT implementation is crucial. Evidence indicates that community-based
monitoring, combined with decision-support tools, enhances local risk identification and prioritization
(Tzeng et al., 2021; Howard et al,, 2021). Integrating this approach with PHC-level STBM activities may
improve adherence to hygiene practices and promote safer household storage and treatment behaviors.

Our findings are consistent with previous research in Riau Province that reported high bacterial
contamination in refill-water depots (Herniwanti et al, 2022) and align with evidence from other
Indonesian cities where household water often fails to meet national health standards (Novi et al.,, 2022;
Aisyah & Sukarno, 2020). Internationally, similar patterns of fecal contamination in low- and middle-income
countries have been documented by Bain et al. (2014), Shaheed et al. (2014), highlighting that “improved”
water sources may still be unsafe at the point of use.

Rahaman et al. (2020) noted that urban water distribution systems often face complexities that
influence water quality at the household level. Therefore, regular water quality evaluations are essential to
prevent exposure to harmful pathogens that pose public health risks. Previous studies also support these
findings. For example, Bain et al. (2014) highlighted widespread fecal contamination in drinking water
across low- and middle-income countries. Priiss-Ustiin et al. (2019) estimated the global burden of disease
attributable to unsafe water, sanitation, and hygiene. Shaheed et al. (2014) noted that “improved” water
sources are not always microbiologically safe. In Bangladesh, Ercumen et al. (2015) demonstrated that
animal feces contribute significantly to domestic water contamination. Gundry et al. (2004) systematically
reviewed health outcomes linked to poor household water quality in developing nations.

Indonesian studies by Aisyah & Sukarno (2020) and Saputra & Handayani (2021) confirmed high E.
coli contamination in refill drinking water depots. Meanwhile, emergency contexts highlight the importance
of household treatment technologies (Lantagne & Clasen, 2012). Howard & Bartram (2003) emphasized the
role of water service levels in health outcomes. Finally, hygiene interventions in Bangladesh demonstrated
significant reductions in water contamination and diarrheal diseases among children (Islam et al., 2011).
Thus, these findings emphasize the importance of strengthening external monitoring by public health
centers and health authorities, along with community education on safe household water management.
Overall, the findings highlight the need for more rigorous oversight of refill depots, better protection and
rehabilitation of household wells, and strengthening of PHC-led drinking-water surveillance.

Limitations Study

This study has several limitations. First, the relatively small sample size (n = 24) limits the
generalizability of the findings to the wider community. Second, the cross-sectional and descriptive design
does not allow for causal inference between water quality and health outcomes. Third, sampling was
conducted only during the dry season (July-September 2024) so possible seasonal variations in
contamination—such as during the rainy season—were not captured. Finally, laboratory testing was
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limited to selected physicochemical and microbiological parameters; future studies should include a
broader range of chemical contaminants to provide a more comprehensive risk assessment.

Conclussion

Most household drinking-water samples in the Rumbai Bukit PHC area failed to meet microbiological
standards, with particularly high contamination in dug wells and refill-water depots. Chemical non-
compliance was also present across water sources. These findings underscore the urgent need to strengthen
PHC-led KAMRT surveillance, improve hygiene and operational standards in refill depots, and promote safe
household water-treatment and storage practices. Implementing these measures will support local
progress toward SDG 6.1 and reduce the risk of waterborne diseases in the community.
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