

Assessment of Physicochemical and Microbial Quality of Selected Wells in Macabalan, Cagayan de Oro City
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ABSTRACT
	This study employed a descriptive–comparative quantitative research design to assess the physicochemical and microbial quality of water from three selected community wells in Barangay Macabalan, Cagayan de Oro City, Philippines, and determine its suitability for domestic non-drinking uses such as bathing and laundry. The physicochemical parameters examined included pH, temperature, turbidity, and total dissolved solids (TDS), while microbial quality was evaluated through total coliform counts. The results were compared with the World Health Organization (WHO) guidelines for physicochemical parameters and the Department of Environment and Natural Resources (DENR) Class B standards for microbial content. Water samples were collected from three wells under sunny conditions during 2025–2026, with three sampling trials conducted per site. Samples were obtained using sterilized PET bottles after purging stagnant water, preserved in ice-filled coolers, and immediately transported to F.A.S.T. Laboratory for analysis. Physicochemical parameters were measured following standard laboratory protocols, while total coliform levels were determined using the Multiple Tube Fermentation Technique. Mean values were computed and compared with the established standards. Results showed that Site A (pH 6.75, temperature 20.03 °C, turbidity 2.57 NTU, TDS 665.33 mg/L) and Site B (pH 7.05, temperature 20.17 °C, turbidity 0.38 NTU, TDS 679 mg/L) complied with WHO recommended limits (pH 6.5–8.5, temperature ≤25 °C, turbidity ≤5 NTU, TDS ≤1000 mg/L). In contrast, Site C exceeded acceptable limits for turbidity (14.90 NTU) and TDS (1111.33 mg/L), although its pH (7.12) and temperature (21.13 °C) remained within the recommended range. Microbial analysis revealed extremely high total coliform counts in all wells: Site A (6,583 MPN/100 mL), Site B (35,667 MPN/100 mL), and Site C (27,667 MPN/100 mL), which significantly exceed the DENR limit of 200 MPN/100 mL. Despite generally acceptable physicochemical parameters in two wells, the severe bacterial contamination indicates that the water from all sites is unsafe for domestic use without treatment, highlighting the need for immediate remediation and continuous water quality monitoring.
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1. INTRODUCTION 
Access to safe and clean water is fundamental to public health and the prevention of waterborne diseases. In many developing communities, groundwater sources such as wells are commonly used as alternative water supplies for domestic activities. Although groundwater is often perceived as naturally protected due to filtration through soil layers, it remains vulnerable to contamination from environmental and human activities. Poor sanitation, improper waste disposal, septic system leakage, and proximity to polluted water bodies may introduce harmful microorganisms and chemical contaminants into aquifers. Consequently, water that appears clear and odorless may still contain microbial pathogens or excessive dissolved substances that pose risks to human health. These conditions underscore the importance of evaluating both physicochemical and microbiological parameters to determine water safety for household use.
In Barangay Macabalan, Cagayan de Oro City, several households rely on well water due to periodic shortages and inconsistent distribution of the municipal water supply. The article “Nacaya wants solution to persisting water woes” (Cagayan de Oro City Council, 2021) highlights ongoing concerns regarding water supply in the city and emphasizes the need for solutions to continuing water distribution issues affecting residents. Many communities in the Philippines experience challenges in water sufficiency and distribution, which often lead residents to depend on alternative sources such as groundwater wells (Cimene et al., 2022). Many of these wells are located in coastal and densely populated residential areas, which increases the likelihood of groundwater exposure to environmental pollutants and anthropogenic activities. Water sources in urban and coastal communities may be vulnerable to contamination from human activities, waste disposal, and runoff, which can affect water quality and safety (Koons, 2024). Despite the community’s reliance on these sources for bathing, washing, and other domestic purposes, there is limited scientific information regarding the quality and safety of well water in the area. According to the World Health Organization (2023), access to safe and clean drinking water is essential for protecting public health, and contaminated water can contribute to various health risks. 
Previous studies emphasize the importance of monitoring physicochemical and microbiological indicators to evaluate water quality. Yazawa et al. (2024) highlighted that systematic assessment of community water sources is essential for detecting microbial contamination and mitigating associated health risks. Caneos et al. (2024) identified key indicators of water quality, including pH, temperature, turbidity, total dissolved solids, dissolved oxygen, and microbial indicators such as total coliform. Similarly, Magwilang et al. (2023) reported that some water sources meeting physicochemical standards still contained Escherichia coli and total coliform, indicating that physical clarity alone does not guarantee microbiological safety. The World Health Organization (WHO, 2022) also emphasizes the need for regular monitoring of chemical and microbial parameters to ensure safe water supplies and prevent waterborne diseases, particularly in communities dependent on untreated groundwater. Environmental contamination may further increase risks, as Bansilay et al. (2017), cited in Gunjal et al. (2023), reported the presence of heavy metals and microbial contaminants in surface water systems that may potentially affect nearby groundwater resources.
Given these concerns, this study evaluates the physicochemical and microbial properties of selected community wells in Barangay Macabalan, Cagayan de Oro City. Specifically, it measures pH, temperature, turbidity, and total dissolved solids, and determines microbial contamination through total coliform analysis. The physicochemical parameters are compared with the standards established by the World Health Organization (WHO), while microbial results are evaluated based on the Department of Environment and Natural Resources (DENR) standards. By providing localized scientific evidence on well water quality, the study aims to contribute to improved water monitoring, support public health protection, and inform water management practices in communities relying on groundwater sources

2. MATERIAL AND METHODS 

2.1 RESEARCH DESIGN
This study employed a quantitative research approach, involving the systematic collection and analysis of numerical data to evaluate the physicochemical and microbial characteristics of selected water wells in Barangay Macabalan, Cagayan de Oro City. The analysis focused on measurable physicochemical parameters, including pH, turbidity, temperature, and total dissolved solids (TDS), as well as microbial indicators such as total coliforms. These parameters were determined using standard laboratory procedures and analytical methods. The obtained results were then compared with established water quality standards, specifically the World Health Organization (WHO) guidelines for physicochemical parameters and the Department of Environment and Natural Resources (DENR) standards for microbial content, to assess the suitability of the well water for domestic use.

2.2 STUDY AREA

The present study was carried out in Barangay Macabalan, Cagayan de Oro City, Philippines (8.50° N, 124.66° E) to assess the spatial variation in groundwater quality across three water wells used for the research. Macabalan is a coastal barangay located in northern Cagayan de Oro City with an estimated elevation of about 3 m above sea level.

Three distinct sampling wells were identified within the defined area and were precisely georeferenced using a Global Positioning System (GPS): Site A, designated as the presumed reference point at 8.50506° N, 124.66180° E: Site B located at 8.50509° N, 124.66291° E: and Site C positioned at 8.50508° N, 124.66300° E, to monitor and reference the point of sampling sites.
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FIG 1: COLLECTION SITES IN MACABALAN, CAGAYAN DE ORO CITY

[bookmark: _GoBack]2.3 COLLECTION AND ANALYSIS OF THE PHYSICOCHEMICAL AND MICROBIAL PARAMETERS
Preliminary site visits were conducted at the three selected wells to assess their location, structural condition, accessibility, and possible sources of contamination. Field observations were documented through photographs and field notes, while brief interviews with well owners or caretakers were conducted to obtain information regarding well usage, maintenance practices, and frequency of water extraction. The sampling activities were carried out in December 2025.
Water samples were collected using polyethylene terephthalate (PET) bottles, selected for their chemical stability and suitability for water quality testing. Prior to sampling, water was drawn from each well to purge stagnant water and obtain representative samples. Sampling bottles were either pre-sterilized or rinsed with distilled water and air-dried before use. Each bottle was labeled with waterproof tags indicating the date, time, sampling site, and sample identification number. Immediately after collection, the samples were placed in an insulated cooler with ice packs and maintained at approximately 4 °C to preserve sample integrity during transport. The samples were then delivered to F.A.S.T. Laboratory for analysis. Laboratory testing included physicochemical parameters—pH, temperature, turbidity, and total dissolved solids (TDS)—as well as microbial analysis through total coliform determination. Analytical results were provided to the researchers within one to two weeks.
The obtained data were analyzed by comparing the measured values with established water quality standards. Microbial parameters were evaluated using the Department of Environment and Natural Resources (DENR) Class B water quality standards under DENR Administrative Order (DAO) No. 2016-08, which provides regulatory limits for water bodies intended for beneficial uses and serves as a basis for assessing microbiological safety and potential public health risks. Meanwhile, physicochemical parameters were compared with the World Health Organization (WHO) guidelines, which provide internationally recognized reference values for pH, temperature, turbidity, and total dissolved solids (TDS) in water used for domestic purposes. These comparisons were used to determine the compliance of the sampled wells with accepted water quality standards.
3. RESULTS AND DISCUSSION
3.1 DESCRIPTIVE ANALYSIS OF PHYSICOCHEMICAL PARAMETERS OF MACABALAN WELL WATER
Table 1 presents the measured physicochemical characteristics of water from the three sampling locations—Site A, Site B, and Site C. The parameters evaluated include pH, temperature, turbidity, and total dissolved solids (TDS). The values shown represent the mean of three sampling trials (n = 3) collected under sunny conditions. The measured values were compared with the World Health Organization (WHO) guideline limits to assess compliance with recommended water quality standards. The results revealed that most parameters from Sites A and B comply with WHO standards, while Site C exceeded the acceptable limits for turbidity and TDS, indicating partial non-compliance with recommended guidelines.
Table 1.	Results for physicochemical parameters
	
Parameters
	
Unit 
	
Sampling Site
	Standard Limit (WHO)
	
Remarks

	
	
	Site A
	Site B
	Site C
	
	

	ph
Temperature
Turbidity

Total Dissolved Solids (TDS) 
	–
°C
NTU

mg/L

	6.75
20.03
2.57

665.33 
	7.05
20.17
0.38

679
	7.12
22.00
14.40

1138.5
	6.5-8.5
≤ 25
≤ 5

≤ 1000
	Compliant
Compliant
Partially Compliant
Partially Compliant


*Collected under sunny conditions with n=3 replicates
 
3.1.1 pH
As shown in Table 1, the mean pH values recorded were 6.75 for Site A, 7.05 for Site B, and 7.12 for Site C, all of which fall within the WHO recommended range of 6.5–8.5. This indicates that the water from all sampling sites complies with the acceptable pH guideline. The values are close to neutral, suggesting that the groundwater is neither strongly acidic nor strongly alkaline. Such conditions are generally favorable for domestic water use because they help maintain chemical stability and reduce the likelihood of corrosion or scaling in plumbing systems. Maintaining pH within this range also minimizes the potential toxicity of dissolved substances and supports overall water quality stability (Massachusetts Department of Environmental Protection, 2019; Rathored et al., 2025).
3.1.2 Temperature
The recorded mean temperatures were 20.03 °C for Site A, 20.17 °C for Site B, and 22.00 °C for Site C, all of which are within the WHO recommended limit of ≤25 °C. These findings indicate that the water temperature in all wells complies with the acceptable standard. The relatively consistent temperatures across the sampling sites suggest stable groundwater conditions and minimal exposure to extreme environmental fluctuations. Maintaining appropriate temperature levels is important because temperature can influence chemical reactions and microbial activity in water. Stable temperature conditions therefore help preserve the physicochemical balance of groundwater and reduce the likelihood of rapid microbial growth (van der Hoek et al., 2021). 
3.1.3 Turbidity
The mean turbidity values were 2.57 NTU for Site A, 0.38 NTU for Site B, and 14.40 NTU for Site C, compared with the WHO recommended limit of ≤5 NTU. Sites A and B comply with the guideline, indicating relatively clear water with low concentrations of suspended particles (World Health Organization, 2017). In contrast, Site C significantly exceeds the recommended limit, suggesting the presence of a high concentration of suspended solids. Elevated turbidity may result from inorganic particles such as silt or clay, as well as organic matter or other contaminants entering the well. High turbidity is a concern because suspended particles can protect microorganisms from disinfection processes such as chlorination and may also affect the quality of water, including its appearance and taste (U.S. Environmental Protection Agency, 2021).
3.1.2 Total Dissolved Solids
The mean TDS values recorded were 665.33 mg/L for Site A, 679 mg/L for Site B, and 1138.5 mg/L for Site C, compared with the WHO recommended limit of ≤1000 mg/L. Sites A and B fall within the acceptable range, indicating moderate levels of dissolved minerals typically found in groundwater. In contrast, Site C exceeds the recommended threshold, suggesting a higher concentration of dissolved inorganic salts and small amounts of organic matter. Although elevated TDS levels do not usually pose direct health risks, concentrations above 1000 mg/L may produce an unpleasant bitter or salty taste and contribute to water hardness (Virginia Tech, n.d.; World Health Organization, 2022).High TDS levels can also lead to scale buildup in pipes and household appliances and may indicate the infiltration of mineral-rich runoff, seawater intrusion, or wastewater contamination into the groundwater source (El‑Fadel, 2017).
3.1 DESCRIPTIVE ANALYSIS OF MICROBIAL PARAMETERS OF MACABALAN WELL WATER

Table 2. Results for microbial parameters

	Parameters		Unit 		Sampling Site	Standard Limit (DENR Class B)		Remarks
		Site A	Site B	Site C		
Total Coliforms		MPN		6,583 		35,667		27,667 		≤ 200 		Noncompliant

*Collected under sunny conditions with n=3 replicates

The microbiological quality of the sampled water wells in Macabalan, as presented in Table 2, indicates variation in water safety across the three sampling sites, with several wells showing signs of contamination that may affect their suitability for domestic use. The analysis of Total Coliform levels revealed differences in microbial load among the wells, likely influenced by surrounding residential activities, sanitation conditions, and environmental exposure. When compared with the Department of Environment and Natural Resources (DENR) Class B water quality standards, which set a limit of ≤200 MPN/100 mL for recreational and domestic non-drinking water, all sampled sites exceeded the acceptable threshold. Specifically, Site A recorded 6,583 MPN/100 mL, Site B 35,667 MPN/100 mL, and Site C 27,667 MPN/100 mL, indicating that the water samples fail to meet the required microbial safety standards. These elevated coliform counts suggest possible contamination from waste sources or unsanitary environmental conditions, which significantly reduces the suitability of the water for household activities such as washing and cleaning and highlights potential public health concerns (Jalil et al., 2022; Khan et al., 2020).


4. CONCLUSION
This study assessed the physicochemical and microbial quality of the selected water wells in Macabalan, Cagayan de Oro. The results for the physicochemical parameters show that the pH level and temperature in all three wells met the WHO standard limits. Turbidity in Well 1 and Well 2 were within the acceptable limit while Well 3 exceeded the recommended turbidity standard. Total Dissolved Solids (TDS) in Well 1 and Well 2 were also within the acceptable limit while Well 3 exceeded the recommended standard of 1000 mg/L. These findings indicate that most of the physicochemical parameters were generally within safe and acceptable limits for non-potable domestic use except for turbidity and TDS in Well 3. However, the microbial assessment showed significantly high total coliform counts in all three wells, significantly exceeding the DENR Class B standard limit. The high MPN values recorded in each sampling site confirm serious fecal contamination and reflect possible unsanitary conditions surrounding the wells. Such contamination presents a substantial risk to public health and indicates that the water from all wells cannot be considered safe for domestic or recreational use without proper treatment. While several physicochemical parameters met the regulatory standards, the presence of excessive total coliform levels indicates significant microbial contamination. These findings show the need for improved sanitation practices, consistent water quality monitoring and strengthened community awareness to prevent possible potential waterborne diseases and protect the health and well-being of the local residents. 

These results support the previous studies of Jalil et al. (2022) and Cambarihan et al. (2022), which found that groundwater source areas are prone to microbial contamination due to poor sanitation practices and environmental pollutants. Previous study  of Magwilang et al. (2023), show that even if physicochemical parameters are acceptable, microbial contamination can still pose serious health risks to local residents relying on untreated well water. Therefore, regular monitoring of groundwater quality, implementation of proper sanitation and well maintenance practices are highly recommended to ensure the protection of community water sources and avoid possible health risks that may come from contaminated water.
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Fig. 1 Collection Sites in Macabalan, Cagayan de Oro City





