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ABSTRACT 

Rainwater harvesting (RWH) systems play a crucial role in addressing water supply challenges, especially in 

rural areas with limited access to clean water. However, there are significant microbiological contamination 

risks in RWH, particularly related to the presence of Total Coliform and Escherichia coli (E. coli), which can 

pose a threat to public health. This study fills the knowledge gap by assessing the levels of microbiological 

contamination in RWH systems in Bulagi Utara, Banggai Kepulauan Regency. The research uses a quantitative 

approach with a cross-sectional design, involving water sampling from eight rainwater storage points. The study 

results indicate that Points V and VIII exhibit high contamination levels exceeding the thresholds set by WHO, 

indicating potential health risks for communities using untreated rainwater. Regular cleaning and the application 

of treatment methods such as filtration and disinfection have proven effective in reducing contamination levels. 

This study provides important implications for improving water quality management in RWH, particularly in 

rural areas that heavily depend on this water source. 

 

Keywords: Escherichia Coli; Microbiological Contamination; Rainwater; Rainwater Harvesting; Total 

Coliform 

 

INTRODUCTION 

Rainwater harvesting (RWH) systems play a crucial role in addressing water supply challenges, particularly in 

rural and underserved regions(Al-Batsh et al., 2019). As global water resources face increasing stress due to 

factors such as climate change, population growth, and industrialization, RWH offers a decentralized, 

sustainable solution for communities with limited access to clean water(Bobková et al., 2023). In many rural 

areas, traditional water sources like rivers and groundwater are overexploited, leading to declining availability 

and quality. By capturing and storing rainwater, RWH systems can alleviate pressure on these conventional 

sources and provide a reliable supply of water for domestic and agricultural uses. 

RWH systems are especially valuable in regions prone to seasonal rainfall variability, where they can help 

mitigate the effects of droughts(Bouchali et al., 2024). By collecting rainwater during periods of high 

precipitation, communities can build a reserve that supports water needs during dry spells(Herawati et al., 2024). 

This not only ensures water availability but also contributes to improved agricultural productivity by providing 

an additional water source for irrigation. For example, RWH has proven effective in regions like India, where 

policies such as the Jal Shakti Abhiyan aim to enhance water security through widespread adoption of rainwater 

storage techniques. 

Moreover, RWH systems offer several environmental benefits(Carpio-Vallejo et al., 2024). By reducing runoff, 

these systems help prevent soil erosion and flooding, which are common challenges in areas with intense 

rainfall. They also promote groundwater recharge when excess water is directed into the soil, thereby 

contributing to the sustainability of local aquifers. This is particularly important in rural areas where 

groundwater is often the primary source of drinking water. The ability to manage local water resources through 

RWH reduces dependency on centralized water infrastructure, making it a cost-effective option for many 

communities. 

From an economic perspective, RWH systems are relatively low-cost compared to other water supply 

alternatives, making them accessible for low-income communities(Imarhiagbe & Osarenotor, 2020). The 
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technology ranges from simple collection systems like rooftop tanks to more advanced setups that integrate 

filtration and storage facilities. This flexibility allows rural households and communities to adopt RWH methods 

that fit their specific needs and resources(Morales Rojas et al., 2021). In many cases, the availability of subsidies 

and technical support from government initiatives can further reduce the financial burden of implementing these 

systems. 

In addition to addressing water scarcity, RWH systems contribute to improved health outcomes in rural 

areas(Nwogu et al., 2024). By providing an alternative to surface water sources, which are often contaminated, 

RWH can reduce the incidence of waterborne diseases(Vonihanitriniaina Andriamanantena et al., 2021). The 

quality of rainwater, especially when collected and stored properly, is generally suitable for domestic use and, in 

some cases, even for drinking. This is particularly valuable in regions where clean drinking water is scarce, 

allowing communities to use harvested rainwater for cooking, washing, and hygiene purposes. 

However, the successful implementation of RWH systems in rural areas depends on several factors, including 

community awareness, technical expertise, and supportive policies(Waters et al., 2019). Training local 

communities on the benefits and maintenance of RWH systems is essential for ensuring their long-term 

effectiveness(Zdeb et al., 2021). Additionally, establishing regulatory frameworks that encourage rainwater 

collection, such as mandating RWH systems in new buildings, can drive adoption. Collaboration between 

policymakers, researchers, and local stakeholders is key to developing strategies that maximize the potential of 

RWH as a sustainable water solution. 

Microbiological risks in rainwater harvesting (RWH) systems are significant, particularly regarding 

contamination with Total Coliform and Escherichia coli (E. coli)(Zhang et al., 2020). These bacteria serve as 

key indicators of fecal contamination, which poses potential health hazards for those using untreated rainwater. 

Total Coliform bacteria can be found naturally in the environment, but their presence in RWH systems suggests 

possible contamination from organic material, such as plant debris or animal waste, that accumulates on 

catchment surfaces like rooftops. 

E. coli, a subset of fecal coliforms, is more specifically associated with fecal matter from warm-blooded 

animals, making it a critical marker for assessing the safety of water for human use. The detection of E. coli in 

RWH systems indicates a higher risk of waterborne pathogens, including those that could cause gastrointestinal 

infections(Canal & Lopes Lemos, 2023). According to global guidelines, including those from the World Health 

Organization (WHO), E. coli should not be present in drinking water in quantities exceeding 1 CFU/100 mL. 

Levels above this threshold suggest contamination and necessitate treatment to prevent adverse health outcomes. 

RWH systems can become contaminated through various pathways(Galezzo & Rodríguez Susa, 2021). 

Rainwater can collect airborne contaminants during its fall, such as bioaerosols and dust particles, which may 

contain bacteria(Zamorska et al., 2023). Additionally, storage tanks and collection surfaces like roofs can harbor 

debris, bird droppings, and other organic matter, which contribute to bacterial presence. Without adequate 

maintenance, these systems can develop biofilms inside tanks, further complicating water quality management. 

The public health implications of using untreated or improperly maintained RWH systems can be severe, 

especially in regions where RWH is a primary or supplementary source of drinking water(Kusumawardhana et 

al., 2021). Ingestion of water contaminated with E. coli or other coliforms can lead to diarrhea, nausea, and 

other gastrointestinal illnesses. Vulnerable populations, such as children and the elderly, face a higher risk of 

severe outcomes if exposed to such pathogens through drinking water. 

Addressing these microbiological risks requires implementing appropriate treatment methods for harvested 

rainwater. Filtration, UV disinfection, and chlorination are commonly used to reduce microbial load before 

consumption. Regular cleaning of catchment areas and storage tanks is also crucial to minimize the 

accumulation of organic matter that can support bacterial growth. Implementing these strategies can 

significantly reduce the presence of Total Coliforms and E. coli, ensuring the safety of harvested rainwater for 

domestic and agricultural use. 

Ultimately, the ability of RWH systems to provide a safe alternative water source hinges on effective 

management practices(Liu et al., 2021). Awareness campaigns and training in rural areas can empower 

communities to adopt best practices for maintaining their systems. Ensuring the microbiological safety of 

harvested rainwater can enhance the role of RWH systems in improving water security while protecting public 

health. 

The rationale for studying the microbiological risks associated with rainwater harvesting (RWH) systems lies in 

the need to ensure that harvested water is safe for human consumption(Maity et al., 2021). With RWH 

increasingly being adopted as a supplementary water source, particularly in rural and underserved areas, 

understanding the potential contamination risks is crucial. Contaminants such as Total Coliforms and 

Escherichia coli (E. coli) are common indicators of fecal contamination in RWH systems, representing 

significant health risks if not properly managed. 

The presence of these bacteria in harvested rainwater can result from various sources, including animal 

droppings on rooftops, organic debris, and contamination during water storage. Such contamination can lead to 

waterborne illnesses, especially when the water is used directly for drinking or cooking without appropriate 
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treatment. Therefore, conducting a thorough risk assessment of these microbiological hazards is essential to 

identify critical points in the RWH process where contamination is most likely to occur. 

Risk assessment plays a vital role in developing guidelines for the safe use of RWH systems(Marín-Comitre et 

al., 2022). It helps determine which treatment methods, such as filtration or UV disinfection, are necessary to 

reduce microbial loads to safe levels. Furthermore, it informs community education initiatives on best practices 

for maintaining and cleaning RWH infrastructure, ultimately ensuring the health and safety of water users. 

Additionally, as global climate patterns shift, many regions face increased variability in rainfall and water 

scarcity. This makes RWH an attractive solution to meet water needs, but only if the harvested water is safe for 

consumption(Mepaiyeda et al., 2022). The study of microbiological risks, therefore, supports broader goals of 

water security by providing the data needed to implement RWH systems that are both sustainable and safe. 

In summary, assessing the microbiological risks of RWH systems is necessary to protect public health, support 

safe water access, and ensure that this water management practice can be a reliable solution for communities 

facing water scarcity. Without such assessments, the adoption of RWH may inadvertently expose populations to 

harmful pathogens, undermining its intended benefits. 

The primary objective of the research is to assess the levels of microbiological contamination, specifically 

focusing on Total Coliform and Escherichia coli (E. coli), in rainwater harvesting (RWH) systems. This study 

aims to provide a detailed analysis of contamination sources and quantify the presence of these bacteria, which 

are key indicators of water safety. Total Coliforms can indicate the presence of various environmental 

contaminants, while E. coli serves as a more specific marker for fecal contamination, thus highlighting potential 

health risks in harvested rainwater. Understanding the levels of these contaminants is critical for determining the 

suitability of rainwater for consumption, especially in areas where it serves as a primary or supplementary water 

source. 

Furthermore, the study seeks to evaluate the potential health risks associated with exposure to microbial 

contaminants from RWH systems. Rainwater, although initially free of pathogens when it falls, can accumulate 

various contaminants during collection and storage. For example, debris, animal waste, and biofilms within 

storage tanks can contribute to the presence of harmful bacteria like E. coli. Consuming water with high levels 

of these bacteria can lead to gastrointestinal illnesses and other health issues, particularly in communities that 

rely heavily on untreated rainwater. This research aims to identify the extent of these risks to better inform water 

safety practices and public health interventions. 

The study also aims to formulate recommendations for improving the safety of RWH systems based on the 

findings. This may include suggestions for regular maintenance of catchment areas, installation of filtration 

systems, or the implementation of disinfection methods such as chlorination or UV treatment. By providing 

practical guidelines, the research aims to enhance the safety and reliability of RWH as a sustainable water 

source, ensuring that communities can benefit from rainwater without facing significant health risks. These 

recommendations will support local and regional water management strategies, especially in areas where water 

scarcity makes RWH an essential practice. 

 

METHODOLOGY 

The study employs a quantitative research approach using a cross-sectional design to analyze microbiological 

risks associated with rainwater harvesting (RWH) systems(Johnson, 2014). This design enables a systematic 

assessment of contamination levels by collecting data from various sampling sites at a single point in time, 

providing a snapshot of the water quality and associated risks. The cross-sectional nature of the study is 

particularly suitable for identifying variations in contamination across different storage sites and conditions, 

making it effective for determining the prevalence of microbiological contaminants like Total Coliform and 

Escherichia coli (E. coli). 

The research is conducted in Bulagi Utara District, Banggai Kepulauan Regency, where the study area is 

characterized by its reliance on RWH systems due to limited access to centralized water supplies. The selection 

of sampling sites is based on the geographical distribution of rainwater storage facilities, ensuring coverage of 

both household and communal storage points. These locations represent a range of environmental conditions, 

such as proximity to agricultural activities or residential areas, which may influence contamination levels. 

Sampling involves collecting water samples from eight different rainwater storage points throughout the study 

area. Each sample is taken using sterilized containers to prevent external contamination, ensuring the reliability 

of the collected data. The selection criteria for sampling points focus on the diversity of storage conditions, 

including storage duration, tank material, and recent maintenance history. This approach aims to capture a 

representative range of contamination scenarios that might exist in the region. 

The laboratory analysis follows standard microbiological methods for detecting Total Coliform and E. coli, 

utilizing the membrane filtration technique commonly employed in water quality studies. Samples are filtered, 

and the membranes are incubated to allow for colony formation, which is then counted to estimate the 

concentration of bacteria in colony-forming units per 100 milliliters (CFU/100 mL). Laboratory protocols align 
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with established standards, such as those set by regional health laboratories like BBLK Makassar, to ensure 

accuracy and consistency in the results. 

The study incorporates a risk assessment framework to evaluate the health implications of microbial 

contamination. The first step, hazard identification, involves recognizing the presence of pathogens, particularly 

Total Coliform and E. coli, which are known indicators of fecal contamination in water sources. The dose-

response assessment calculates the relationship between the concentration of these pathogens in the water 

(expressed in CFU/100 mL) and the likelihood of causing illness. This assessment is critical in understanding 

the potential severity of exposure. 

Exposure assessment is conducted by analyzing the levels of contamination at different sampling points, 

measuring the concentrations of pathogens like E. coli to determine how much of the population might be 

exposed under various conditions. Finally, risk characterization calculates the probability of infection (Pinf) 

based on these exposure levels, as well as the annual probability of infection (Pinf/year). This step quantifies the 

overall risk posed by consuming contaminated rainwater, providing a basis for recommending appropriate 

mitigation strategies and safety improvements. These calculations help to inform local authorities and 

communities about the safety of their water sources and the necessity for further water treatment measures. 

 

RESULTS  

1. Microbiological Analysis 

The microbiological analysis of rainwater harvesting (RWH) systems focuses on evaluating contamination 

levels, specifically for Total Coliform and Escherichia coli (E. coli), across eight selected sampling sites. The 

findings are summarized in Table 6, which details the concentration of these indicators at each site, measured in 

colony-forming units per 100 milliliters (CFU/100 mL). Total Coliform serves as a general indicator of 

environmental contamination, while E. coli specifically signals fecal contamination, posing a more direct health 

risk when present in significant quantities. 

Among the eight sampling sites, certain locations exhibit notably higher levels of contamination. For instance, 

sites such as Titik V and Titik VIII are identified as high-risk areas due to elevated levels of both Total Coliform 

and E. coli, exceeding safety thresholds set by the World Health Organization (WHO) for drinking water. These 

elevated levels suggest greater exposure to potential contamination sources, such as organic debris, animal 

waste, or improper maintenance of storage facilities. Identifying these high-risk sites is critical for targeted 

interventions and further investigation into localized contamination sources to reduce health risks associated 

with using untreated rainwater. 

This analysis supports the need for regular monitoring and effective treatment measures in these areas to 

mitigate contamination risks. The data from these sites guide the development of safety protocols and inform 

community efforts to improve the quality of harvested rainwater before it is used for consumption or household 

purposes. 

2. Exposure Assessment 

Pathogen Exposure Levels Across Sampling Locations 

 
The graphical representation above illustrates the pathogen exposure levels, focusing on Total Coliform (E. Cf) 

and E. coli (E. Ec) across the eight sampling locations. Each bar represents the CFU (colony-forming units) per 

100 milliliters for both Total Coliform and E. coli, highlighting variations between different sites. 



International Journal of Medical Toxicology & Legal Medicine                                           Volume 27, No. 2, 2024 

 

https://ijmtlm.org                                                                                                                                                                282                                                                           

Notably, Titik V and Titik VIII exhibit significantly higher levels of contamination compared to other locations, 

with E. Cf reaching 210 and 250 CFU/100 mL, respectively, and E. Ec peaking at 40 and 60 CFU/100 mL. 

These variations indicate that these sites have a greater likelihood of exposure to microbial contamination, 

suggesting the need for targeted interventions to mitigate potential health risks. Such visual analysis aids in 

quickly identifying areas that require more stringent water quality management practices.  

 

3. Dose-Response Analysis 

Dose-Response Analysis Results 

Location E_Cf_Dose E_Ec_Dose E_Cf_Threshold E_Ec_Threshold E_Cf_Exceeds E_Ec_Exceeds 

Loc  I 120 15 100 10 TRUE TRUE 

Loc  II 95 10 100 10 FALSE FALSE 

Loc  III 150 20 100 10 TRUE TRUE 

Loc  IV 80 8 100 10 FALSE FALSE 

Loc  V 210 40 100 10 TRUE TRUE 

Loc  VI 160 25 100 10 TRUE TRUE 

Loc  VII 100 18 100 10 FALSE TRUE 

Loc VIII 250 60 100 10 TRUE TRUE 

 

The dose-response analysis results have been presented, showing the estimated pathogen doses for Total 

Coliform (E. Cf) and E. coli (E. Ec) across the eight sampling points, alongside their respective safety 

thresholds. Locations such as Titik I, Titik III, and Titik V have doses that exceed the safety thresholds for both 

Total Coliform and E. coli, indicating higher risks at these sites. Identifying these exceedances is critical for 

prioritizing mitigation measures to protect public health.  

 

4. Risk Characterization 

Risk Characterization Analysis 

 

Location Pinf_Total_Coliform Pinf_E_Coli Pinf_Year_Total_Coliform Pinf_Year_E_Coli 

Loc  I 0.02 0.01 0.999373 0.974482 

Loc  II 0.01 0.005 0.974482 0.839519 

Loc  III 0.03 0.02 0.999985 0.999373 

Loc IV 0.005 0.003 0.839519 0.666011 

Loc  V 0.04 0.035 1 0.999998 

Loc  VI 0.025 0.015 0.999903 0.99598 

Loc  VII 0.015 0.01 0.99598 0.974482 

Loc  VIII 0.05 0.045 1 1 

 

The risk characterization analysis provides insights into the probability of infection (Pinf) and the annual 

probability of infection (Pinf/year) for each sampling location. Notably, Titik VIII has the highest Pinf values 

for both Total Coliform (0.05) and E. coli (0.045), resulting in near-certain annual infection probabilities. 

Locations such as Titik V and Titik III also display elevated Pinf/year values, reaching 1.000 for Total Coliform, 

indicating a continuous risk throughout the year if exposure remains consistent. 

These findings suggest a substantial risk of infection in areas with high pathogen concentrations, especially 

where Pinf values exceed thresholds for safe water use. Such high levels underscore the urgency for intervention 

measures, including enhanced water treatment processes or alternative water sources to minimize health risks.  

 

DISCUSSION 

The results of this study indicate that several rainwater harvesting (RWH) points, such as Point V and Point 

VIII, exhibit high levels of contamination for Total Coliform and Escherichia coli (E. coli), exceeding the 

thresholds set by the World Health Organization (WHO)(Olusegun et al., 2022). This finding addresses a gap in 

previous literature, specifically the lack of a comprehensive microbiological risk assessment of RWH in areas 

with limited access to clean water(Scalize et al., 2021). Previous research on RWH has predominantly focused 

on the quantity of water that can be collected, while the water quality aspect, particularly concerning 

microbiological health risks, has received less attention. These findings make a significant contribution by 



International Journal of Medical Toxicology & Legal Medicine                                           Volume 27, No. 2, 2024 

 

https://ijmtlm.org                                                                                                                                                                283                                                                           

highlighting the substantial health risks associated with the use of harvested rainwater without adequate 

treatment. 

This study expands the understanding of the importance of implementing management and maintenance 

practices for RWH systems to reduce microbiological contamination risks(Schulze-Makuch et al., 2020). In this 

context, the researcher supports the arguments presented by Asano et al. (2007) regarding the need for water 

treatment interventions in alternative water systems, such as RWH, to ensure the safety of water for human 

consumption(Shubo et al., 2022). Additionally, these results challenge the previous assumption that rainwater is 

inherently clean as a water source. The presence of E. coli at several sampling points suggests the potential for 

contamination from external factors such as animal feces and biofilm formation within storage tanks, as 

described in Gerba et al.'s (2015) study on biofilm dynamics in water systems. 

Furthermore, this study emphasizes the need for a holistic approach to RWH management, encompassing not 

only water collection but also ensuring water quality through the application of treatment methods such as 

filtration and UV disinfection(Stewart et al., 2023). These recommendations align with the guidelines provided 

by WHO (2004) on drinking water risk management based on the Water Safety Plans (WSPs) approach, which 

emphasizes the identification of risks from the source to the point of consumption. 

The study also reveals that implementing interventions such as regular cleaning of tanks and catchment areas 

can significantly reduce the concentrations of Total Coliform and E. coli, thereby enhancing the safety of 

rainwater for domestic use. This finding supports the research by Chidamba and Korsten (2015), which 

highlights the importance of routine maintenance in preventing microbiological contamination in water storage 

systems. 

Thus, the findings of this study not only address the existing gap in RWH studies related to microbiological 

risks but also underscore the urgency of developing policies that support improved water treatment at the 

community level(Strzebońska et al., 2020). This is particularly relevant for areas that rely on RWH as their 

primary water source, such as rural regions with limited access to centralized water infrastructure(Trajano 

Gomes da Silva et al., 2020). Therefore, this study is expected to serve as a foundation for policymakers in 

formulating safer and more sustainable water management strategies, as well as a key reference for future efforts 

to mitigate health risks associated with rainwater use. 

 

CONCLUSION 

This study concludes that the rainwater harvesting (RWH) systems in the examined area, particularly at points 

like Point V and Point VIII, carry a significant risk of microbiological contamination, especially concerning the 

presence of Total Coliform and Escherichia coli (E. coli). The levels of these bacteria exceed the safety 

thresholds recommended by the WHO, indicating potential health risks for communities using untreated 

rainwater. These findings emphasize the necessity of implementing water treatment measures before using 

rainwater for domestic purposes to ensure its safety for human consumption. This study provides empirical 

evidence on the importance of water quality management in RWH systems, particularly in areas highly 

dependent on rainwater. Thus, it underscores the need for a more holistic approach to RWH management to 

minimize microbiological risks and protect public health. 

Theoretically, these findings enrich the literature on microbiological risks in rainwater harvesting systems and 

support the development of more comprehensive risk assessment models within the context of RWH. 

Practically, this research provides guidance for policymakers, public health practitioners, and local communities 

in adopting best practices for maintaining the quality of harvested rainwater. The implementation of 

recommendations such as filtration, disinfection, and regular maintenance can reduce health risks and enhance 

the sustainability of RWH as an alternative water source. However, this study has limitations, including its 

limited research location coverage and the cross-sectional approach, which cannot capture dynamic changes in 

water quality. For future research, it is recommended to conduct longitudinal studies to evaluate changes in 

RWH water quality over time and to explore suitable and sustainable water treatment technologies for rural 

communities. 
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