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ABSTRACT 

	Rivers are crucial global freshwater resources, but human activities often cause degradation, emphasizing the need for water quality monitoring. This study used a descriptive design to assess the health of the Laligan River in Valencia City, Bukidnon, analyzing physicochemical and microbiological parameters at its upstream, midstream, and downstream sections. The analysis was benchmarked against the DENR Class C water standards. Physicochemical results were mixed. Parameters like Total Dissolved Solids (188.41 mg/L), Turbidity (0.78 NTU), pH (7.76), and Total Alkalinity (98.11 mg/L) were compliant. However, two parameters exceeded the limit: Nitrate (8.81 mg/L average, limit 7 mg/L) and the toxic heavy metal Cadmium (0.006 mg/L average, limit 0.005 mg/L), with both peaking midstream. Most critically, the average Dissolved Oxygen (DO) was 4.48 mg/L, falling below the 5.0 mg/L minimum standard, decrease sharply midstream and downstream due to likely organic pollution. The microbiological quality showed severe contamination. Fecal Coliforms (FC) were already non-compliant upstream at 4,000 MPN/100 mL (limit 400 MPN/100 mL). This concentration dramatically escalated to 17,000 MPN/100 mL midstream and downstream, exceeding the standard by over 42 times and indicating a massive influx of domestic or animal waste. Total Coliforms (TC) mirrored this trend, soaring from a compliant 3,000 MPN/100 mL upstream to 15,000 MPN/100 mL mid- and downstream. While basic parameters are stable, the combination of low DO, elevated Nitrate and Cadmium, and overwhelmingly high Fecal Coliform counts renders the river unsuitable for Class C uses and poses a grave public health risk.
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1. INTRODUCTION 

Rivers are important supply of freshwater resources in the world, supporting varied aquatic habitats, agriculture, and human populations. In recent years, it has become more susceptible to degradation due to an unbalanced interaction between natural processes and growing human activity, including sewage discharge, agricultural runoff, and untreated industrial waste (Mustapha & Aris, 2012; Nehme et al., 2021). It has an impact on the water's quality and usefulness, presenting serious threats to ecological integrity and public health. Effective resource conservation and management demand the thorough monitoring of river water quality (Liang et al., 2025). This is primarily done by assessing the water's physicochemical and microbial properties.
In the agricultural province of Bukidnon, studies on the physicochemical and microbiological quality assessment of rivers show a variability in water quality parameters influenced heavily by agricultural activities, anthropogenic factors, and natural conditions. Current water quality studies on rivers in Bukidnon and Mindanao present a complex scenario where physicochemical health is often better than microbiological safety, particularly in areas impacted by human activity. Specifically, research on the Sabangan River in Malaybalay City, a tributary of the Tagoloan River, showed that its physicochemical parameters, including Total Dissolved Solids (TDS), Dissolved Oxygen (DO), pH, turbidity, and total alkalinity, were generally within the Department of Environment and Natural Resources (DENR) Class C standards for recreational use (Redoble et al., 2025). However, this localized assessment of physical and chemical health contrasts with the broader pattern observed in other Bukidnon rivers, such as the Tigua tributaries of the Pulangi River (Galarpe et al., 2017). While fundamental parameters like pH and temperature remain stable, the presence of organic matter discharges and agricultural runoff in populated areas leads to concerning issues like low dissolved oxygen (DO), elevated levels of TDS and conductivity, increased turbidity, and higher nitrate concentrations, signaling ecosystem stress.
When the focus shifts to the larger Tagoloan River system, including the area of Sabangan, a more concerning microbiological picture emerges. An analysis of the Tagoloan River in Sabangan, Can-ayan, Malaybalay City, revealed that fecal coliforms exceeded the 200 MPN/100 mL limit, classifying the water as unsuitable for primary contact recreation (Bete et al., 2024). This microbial contamination, coupled with high salinity indicating pollution from domestic and industrial wastewater, classified the Tagoloan River as marginal water. Similarly, assessments of other Bukidnon rivers, such as the Dahilayan River and tributaries of the Pulangi River (Galarpe et al., 2017; Anud et al., 2022), also demonstrate satisfactory physicochemical levels but alarmingly high bacterial counts, suggesting that microbial contamination from unmonitored human settlements and agricultural activities is the most significant and pervasive threat to river water potability and public health across the region.
Although it is smaller than the larger Pulangi River into which it eventually merge, the Laligan River is an important body of water because of its significance in the barangay's hydrology and agriculture. The area along the river has been a focus for flood control projects, indicating a possible disturbance in river's flow and local biodiversity making its stability and quality a matter of public safety and environmental concern. As Bungabong et al. (2023) revealed that structural measures like check dams and river walls can critically influence river hydrology and ecological systems.
This study investigated the relationship between the physicochemical and microbiological quality of the Laligan River's water across its upstream, midstream, and downstream sections. Specifically, the research aimed to assess the water quality through physicochemical analyses of parameters including alkalinity, turbidity, pH, Total Dissolved Solids, and Dissolved Oxygen, alongside measuring the concentrations of the heavy metals Cadmium, and the nutrient Nitrate. Additionally, the study sought to describe the river's current microbiological quality by quantifying the levels of Total and Fecal coliforms.

2. material and methods 

2.1 Research Design 

The research employed a descriptive design to characterize the water quality of the Laligan River by assessing its existing physical, chemical, and microbiological status across different sections. This approach was chosen to provide a detailed assessment of the river's condition and the pollutants present at the time of the study. Researchers systematically collected water samples from distinct points: upstream, midstream, and downstream, to capture any variation in pollutant levels along the river.

2.2 Locale of the Study

The study was conducted along a defined stretch of the Laligan River in Valencia City, Philippines, employing a longitudinal sampling design to assess spatial variations in water quality. Three distinct sampling stations were established and precisely georeferenced using a Global Positioning System (GPS): the Upstream station, designated as the presumed reference point at 7.875213˚ N, 125.1985˚  E; the Midstream station, strategically located 218 meters downstream to capture potential impacts from anthropogenic activities at 7.875800 ˚ N, 125.1966 ˚ E; and the Downstream station, positioned 252 meters further below the midstream site (totaling 470 meters from the upstream point) at 7.876236˚ N, 125.1943˚ E, to monitor any subsequent recovery or cumulative effects.
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Figure 1: Collection Sites along Laligan River, Valencia City
2.3 Collection and Analysis of the Physicochemical and Microbiological Parameters

The researchers selected three distinct sampling sites along the Laligan River, designated as upstream, midstream, and downstream. The precise location of these three stations was determined using the transect walk method, where the researchers walked a defined path along the river to observe, document, and select points that captured the maximum environmental variability. 
Before collection, all glassware and high-density polyethylene bottles intended for heavy metals and nutrients were meticulously acid-washed and rinsed with deionized water, while microbiological containers were pre-sterilized. At each site, the researchers, wearing protective equipment including latex gloves, faced upstream to avoid contamination from disturbed sediments. All collected samples were immediately placed in a portable ice chest containing ice packs to maintain a temperature below 4°C to slow down biological and chemical degradation. Each bottle was clearly labeled with the sampling location (upstream, midstream, downstream), the date, and the time of collection. All samples were then transported to the accredited laboratory for analysis within the maximum permissible holding times for microbiological analysis which must commence within 6-24 hours.
The analysis of the results employed the DENR Class C water standards based on DENR Administrative Order (DAO) No. 2016-08 (Water Quality Guidelines and General Effluent Standards). This classification designates the water as suitable for several key purposes: it serves as a Fishery Water, supporting the propagation and growth of fish and other aquatic resources; it is classified as Recreational Water Class II, intended for secondary contact activities such as boating and fishing; and it is also deemed appropriate for Agriculture, Irrigation, and Livestock Watering.

2.4 Entry Protocol

To ensure the ethical integrity and regulatory compliance of the investigation, all necessary permits for conducting off-campus research at the Laligan River were secured prior to the fieldwork. Formal written requests, detailing the study's objectives, scope, and duration, were submitted to the relevant authorities.


3. results and discussion

3.1 Descriptive analysis of Physicochemical Water Quality Parameter of Laligan River

Table 1: Test Results for Physicochemical Parameters
	Parameters
	Unit
	Upstream
	Midstream
	Downstream
	Mean
	DENR Standard
(Class C)

	Total Dissolved Solids
	mg/L
	183.23
	180.33
	201.66
	188.41
	1000

	Turbidity
	NTU
	0.77
	0.75
	0.81
	0.78
	5

	pH
	
	7.78
	7.73
	7.77
	7.76
	6.5 – 9.0

	Dissolved Oxygen
	mg/L
	6.56
	3.45
	3.42
	4.48
	5

	Total Alkalinity
	mg/L
	98.40
	96.55
	99.39
	98.11
	5-500

	Nitrate
	mg/L
	8.33
	9.54
	8.56
	8.81
	7

	Cadmium
	mg/L
	0.004
	0.007
	0.006
	0.006
	0.005



The table 1 presents the measured water quality indicators in an aquatic system across three sampling locations: upstream, midstream, and downstream. It shows the key physicochemical metrics such as total dissolved solids, turbidity, pH, dissolved oxygen, total alkalinity, nitrate, and cadmium, comparing their concentrations to the standards set by the DENR for Class C waters. The data shows the initial assessment of river health, highlighting both the variations in water quality parameters along the river course and their compliance with regulatory standards, thus setting the foundation for a more detailed analysis of each parameter’s ecological and regulatory significance.

3.1.1 Total Dissolved Solids
The average TDS value was 188.41 mg/L, which is well below the DENR limit of 1000 mg/L. Values increased slightly from upstream (183.23 mg/L) to downstream (201.66 mg/L). The low TDS values suggest the water body has a minimal concentration of dissolved inorganic and organic substances. This is generally favorable for aquatic life and human consumption. The minor increase moving downstream might indicate a slight accumulation of dissolved material from surface runoff or localized discharges. 
The relatively low TDS concentration overall indicates minimal concentration of dissolved substances, suggesting a relatively unpolluted water body (Maglangit et al., 2015). The minor increase from the upstream (183.23 mg/L) to the downstream (201.66 mg/L) section is a common trend that can be linked to the progressive, though still slight, accumulation of dissolved materials from diffuse sources like surface runoff or potentially minor, localized discharges as the river flows through areas of increased human activity (Tibebe et al., 2022).
3.1.2 Turbidity
The average turbidity was 0.78 NTU, significantly lower than the DENR standard of 5 NTU. The values remained consistently low across all sampling points (0.77 NTU to 0.81 NTU). The low turbidity indicates the water is clear with a low amount of suspended matter. This is essential for the penetration of sunlight, supporting photosynthetic aquatic organisms. Low turbidity also minimizes the potential for pollutants and pathogens to attach to suspended particles, thus promoting better water quality. 
Low turbidity is ecologically crucial for tropical aquatic environments, as it maximizes light penetration for submerged photosynthetic organisms, such as phytoplankton and aquatic plants, which form the base of the food web and contribute to dissolved oxygen levels (Baldoza et al., 2020). Additionally, lower suspended matter is generally associated with a reduced transport mechanism for pollutants like heavy metals and pathogens, as these contaminants often adhere to fine particles. In the context of the Philippines' frequent water quality challenges, where high turbidity is a recurring issue following typhoons and heavy rainfall (Alburo et al., 2015; Magliwang et al., 2023), maintaining such clarity is essential for both the sustainability of aquatic ecosystems and for minimizing the operational difficulties and costs associated with water treatment. 
3.1.3 pH
The average pH was 7.76 showing its value within the acceptable DENR range of 6.5–9.0. All measured values (7.78 upstream to 7.77 downstream) indicate a slightly alkaline condition. The pH is within the standard, meaning the water is neither excessively acidic nor basic. This near-neutral range is crucial because most aquatic organisms have a narrow pH tolerance. Maintaining this optimal pH minimizes stress on the ecosystem and prevents changes in the chemical forms and toxicity of certain pollutants. This consistent near-neutral condition is a critical indicator of stable water quality, which is essential for preserving the aquatic biodiversity which generally have a very narrow pH tolerance (Maglangit et al., 2015; Baltazar, 2020).
Maintaining a stable, near-neutral pH is vital because it minimizes the environmental stress on native fish and invertebrate species and, crucially, prevents the increase in toxicity of pollutants; for instance, at higher alkaline pH levels (above 8.5), the less toxic ammonium ion can be converted into the highly toxic un-ionized ammonia a common concern in water bodies receiving domestic or agricultural runoff, which is a frequent source of contamination across Mindanao's watersheds (Ido, 2016). 


3.1.4 Dissolved Oxygen
The observed average Dissolved Oxygen (DO) concentration of 4.48 mg/L is critically low and indicates a state of environmental stress, as it falls below the mandatory minimum of 5.0 mg/L. The decrease from the clean upstream reading of 6.56 mg/L to the hypoxic levels of 3.45 mg/L midstream and 3.42 mg/L downstream strongly suggests a significant load of untreated organic pollution, which is a common problem in rivers across the Mindanao region. This rapid DO depletion, or DO deficit, is primarily caused by microbial decomposition of organic matter (such as domestic sewage or agricultural waste) in the mid- and downstream sections, a process that consumes vast amounts of oxygen. In the Philippines where many aquatic species, including fish and crustaceans, are highly sensitive to low DO conditions, concentrations consistently below 5.0 mg/L can lead to hypoxia, causing significant physiological stress, avoidance behavior, suffocation, and a dramatic reduction in biotic integrity and species diversity in the affected lower reaches of the water body (Alcantara et al., 2003; Ido, 2016).
3.1.5 Total Alkalinity
The average total alkalinity was 98.11 mg/L, which is well within the wide DENR standard of 5–500 mg/L. Values were consistent across all sites. Total alkalinity is a measure of the water's capacity to neutralize acid, acting as a natural buffer. The measured values indicate a healthy buffering capacity, which helps to stabilize the pH against inputs of acid (such as acid rain or industrial effluent). This stability is beneficial for the entire aquatic ecosystem. One study, focusing on the pH and Acid Neutralizing Capacity (ANC) profile of Manila Bay coastal water samples, reported a mean ANC (a measure closely related to alkalinity) of 112.60±16.53 mg CaCO3 /L, which is well above the recommended ANC minimum of 20 mg CaCO3/L for aquatic life protection, as noted by the Laguna Lake Development Authority (Sumalapao et al., 2016). 
3.1.6 Nitrate
The average nitrate concentration was 8.81 mg/L, exceeding the DENR limit of 7 mg/L. The midstream reading of 9.54 mg/L was the highest. Elevated nitrate levels typically point to eutrophication—the over-enrichment of the water by nutrients, often from agricultural runoff (fertilizers) or wastewater discharge. Excess nitrate can fuel the excessive growth of algae (algal blooms), which, upon decomposition, consume large amounts of DO, leading to the low DO levels observed midstream and downstream. Cajucom et al. (2024) assessed nitrate and phosphate contaminants in agricultural soils and groundwater to understand the impact of agrochemical use. Although the study's specific nitrate concentrations in irrigation water were within the DENR limit of 7 mg/L, the research emphasized the general risk of excessive fertilizer application contaminating groundwater and surface water. It explicitly state that agricultural runoff is a major source of pollutants like nitrates and phosphates, which increase the risk of eutrophication.
3.1.7 Cadmium
The average cadmium concentration was 0.006 mg/L, exceeding the DENR limit of 0.005 mg/L. The midstream reading of 0.007 mg/L was the highest. Cadmium is a heavy metal pollutant that is highly toxic to both humans and aquatic life, even at low concentrations. The fact that the average value and the midstream value exceed the standard is a serious concern. This indicates a source of heavy metal contamination, possibly from agricultural discharge, battery waste, or other anthropogenic activities, particularly concentrated in the midstream area. Due to its toxicity, this result warrants immediate attention and remediation efforts.

Cadmium (Cd) contamination in water bodies is a serious threat to aquatic life and human health (Perelonia et al., 2017) found that elevated levels of heavy metals, including Cd, were concentrated near point sources in aquatic environments surrounding Manila Bay, strongly suggesting anthropogenic inputs such as industrial discharge and land-based human activities as the major source of this pollution. The findings emphasized that heavy metals, like Cd, are hazardous even at low concentrations, pose an immense threat due to their persistence and bioaccumulation in the aquatic food chain, and Cd accumulation specifically affects major human organs like the kidney, liver, and central nervous system upon consumption of contaminated organisms. In their assessment, Petalcorin et al. (2022) reported that the cadmium concentration in the Cagayan de Oro River averaged 0.048 mg/L and in the Iponan River averaged 0.033 mg/L, with the Cagayan de Oro value being notably above the DENR's maximum allowable limit of 0.005 mg/L for Class C waters .The study's risk characterization indicated an enormous risk to the river ecosystems due to cadmium, which is highly relevant to the observed high midstream reading, supporting the need for immediate attention to this non-degradable pollutant.

3.2 Descriptive analysis of Microbiological Quality of Laligan River

The microbiological quality of the Laligan River shown in Figure 2 demonstrates an evident deterioration in water health, particularly in the downstream segments, signaling substantial fecal contamination that renders the water body unsuitable for most beneficial uses as defined by Philippine water quality guidelines. The assessment of both Total Coliform (TC) and Fecal Coliform (FC) across the three sampling points: Upstream, Midstream, and Downstream, revealed a clear pollution gradient that significantly exceeds the Department of Environment and Natural Resources (DENR) standards.
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Figure 2: Microbiological Parameters of Laligan River, Valencia City
The analysis of Total Coliforms indicated a concerning shift in microbial load along the river's course. While the Upstream section exhibited a concentration of 3,000 MPN/100 mL, which is compliant with the standard of 5,000 MPN/100 mL, the concentration abruptly escalated to 15,000 MPN/100 mL at the Midstream and Downstream stations. This threefold exceedance of the regulatory limit suggests a definitive introduction of a major pollution source between the headwaters and the river's central reach. Total coliforms, while not exclusively fecal in origin, act as a primary indicator of general water quality degradation, often pointing toward environmental runoff and pollution by organic materials (Dumago et al., 2018). The consistently high coliform counts in the middle and lower reaches, as observed in this study, mirror the findings of other local river assessments, which attribute similar pollution spikes to the integration of the waterway with intensified human settlements and agricultural activities (Zoleta & Nawang, 2015).
The Fecal Coliforms (FC) results provide a more critical measure, acting as a direct proxy for the presence of warm-blooded animal and human excreta, and thus, pathogenic organisms. Even the Upstream section was found to be in non-compliance, registering 1,000 MPN/100 mL against a stringent limit of 400 MPN/100 mL. This initial contamination, exceeding the standard by 2.5 times, suggests a low level of persistent, likely diffuse, fecal pollution, perhaps from livestock or scattered upstream dwellings. However, the subsequent magnitude of pollution in the Midstream and Downstream sections, which both recorded an alarming 17,000 MPN/100 mL, is a grave public health and ecological concern. This concentration is over 42 times the permissible standard, indicating a massive, sustained influx of untreated or inadequately treated domestic sewage and/or animal waste into the river network. Pandan and Jonco (2022) discusses the water quality in a Marine Protected Area and a contributory river in the Philippines, specifically noting that fecal coliform counts exceeded DENR standards, indicating contamination from human and/or animal fecal matter.

4. Conclusion

The physicochemical and microbiological assessment of the Laligan River confirms a notable deterioration in water quality from its headwaters to its downstream sections, primarily driven by anthropogenic pollution. While parameters like Total Dissolved Solids (188.41 mg/L), Turbidity (0.78 NTU), pH (7.76), and Total Alkalinity (98.11 mg/L) were generally within the acceptable Department of Environment and Natural Resources (DENR) Class C standards, three critical pollutants exceeded regulatory limits, signaling ecosystem stress and public health risk. The most concerning issues are the high concentrations of Cadmium (average of 0.006 mg/L, exceeding the 0.005 mg/L limit) and Nitrate (average of 8.81 mg/L, exceeding the 7 mg/L limit), particularly in the midstream area, pointing to localized heavy metal and nutrient contamination, likely from agricultural runoff or industrial/domestic discharge. This nutrient load is directly implicated in the critically low average Dissolved Oxygen (DO) concentration of 4.48 mg/L, which falls below the 5.0 mg/L mandatory minimum, indicating a significant organic pollution load and a state of environmental stress that threatens aquatic life in the river's lower reaches. Furthermore, the microbiological quality presents a severe public health hazard. Fecal Coliform counts were non-compliant even upstream (4,000 MPN/100 mL against a 400 MPN/100 mL limit) and reached an alarming 17,000 MPN/100 mL midstream and downstream over 42 times the permissible standard. This pervasive fecal contamination, evident in the clear pollution gradient, decisively classifies the Laligan River as unsuitable for beneficial uses as a Class C water body, underscoring the urgent necessity for rigorous watershed management, targeted pollution source identification, and the immediate implementation of robust wastewater treatment infrastructure to safeguard both ecological integrity and community health.
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