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Abstract: Sapangdaku River in Toledo City, Cebu is a freshwater source found near a copper mine 

operating for more than 50 years. The river has been one of the major rivers identified by the 

Environmental Management Bureau to be at risk, that needs monitoring and more empirical studies. 

This paper assessed the water quality of the Sapangdaku River through physicochemical, metal, and 

microbial analyses. Five (5) samples were collected from the downstream, midstream, and upstream 

sites, and were immediately tested in a water laboratory. Findings revealed that the pH, DO, BOD 

and COD registered within the acceptable range. Conductivity, turbidity, TDS, and TSS have 

fluctuating results where the midstream area recorded the highest measurement for the first three and 

upstream for the latter. Hg and Pb are present in little amounts while Cu in high concentrations. Total 

coliform counts are low in midstream and upstream while fecal coliform counts are high in all sites. 
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Higher conductivity, higher turbidity, slower flow rate, and cooler condition in the midstream, as 

well as the presence of more pathogenic bacteria and Cu across sites, indicate poor water quality. 

Though there is poor quality, the DO, BOD, and COD levels of the river show promising results that 

aquatic life can still thrive. Educating communities, decreasing means of erosion, and establishing 

strict policies and ordinances on the use of river resources are recommended. 

Keywords: Sapangdaku River; physicochemical assessment; metals; coliform; river rehabilitation 

 

1. Introduction 

Water is fundamental for life to exist and sustain on Earth [1]. This essential substance 

constitutes 75% of the planet’s surface in the form of bodies of water [2]. These bodies of water 

house one-fourth of all identified living organisms, a species number estimated to be around 2.2 

million [3]. Of this number, many organisms thrive in freshwater forms like rivers and lakes. Rivers 

offer 2% of the fresh surface water resources [4–5] to both terrestrial animals and humans for 

consumption and industrial use, respectively [6–7]. However, rivers are vulnerable targets of 

industrial and domestic pollution and eutrophication, thereby leading to the destruction of aquatic 

ecosystems and contamination of consumable water in several parts of the globe, including those 

river systems found in the Philippines. 

In the Philippines, river systems are affected by agricultural (45%), domestic (31%), and 

industrial (24%) development [8]. World Bank noted that the quantity and quality of water, including 

those in river systems, are greatly affected, especially in these four regions at risk, namely, Metro 

Manila, Central Luzon, Southern Tagalog, and Central Visayas [9]. EMB further identified 14 rivers 

(e.g., Meycauayan River, Calapan River, and Guadalupe River) in the aforementioned regions, which 

are under the “Sagip Ilog Program” (Save the River Program) of the Department of Environment and 

Natural Resources [DENR] [8]. Such a list is based on poor water quality, requires monitoring, and 

those that should undergo a rehabilitation program. Part of the monitoring and assessment of river 

quality is the continuous physicochemical and microbial analyses by concerned agencies.  

Analytical river studies in Luzon like those implemented in the Pasig River in Metro Manila [1] 

and Balatuin River in Laguna [10] studied untreated wastewater discharges from industrial and 

domestic sources. The result of both studies seemed to concur that these rivers are highly polluted. In 

Cebu, EMB found out that some major rivers have poor water quality. Four major rivers have been 

monitored by DENR since 2014 [8]. Of these four rivers, Luyang River in the municipality of 

Carmen is in relatively "good condition" while the other three rivers namely Butuanon River 

(Mandaue City), Guadalupe River (Cebu City), and Sapangdaku River (Toledo City) have shown 

signs of pollution. While several researchers have already studied Butuanon and Guadalupe 

rivers [12–13], there are only a few published studies about the condition of Sapangdaku River such 

that of Lo and Sakamoto [14].      

Sapangdaku River, also called Hinulawan River, is situated in estimated terrain elevation of 5 

meters above sea level running a long stretch of 9 kilometers across 10 barangays in Toledo 

City [15]. Riverine communities (i.e., 2010 Philippine Statistics Authority census reported ~ 41,000 
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people are residing in the immediate vicinity of the river), and a copper ore mine have been operating 

within the vicinity that could affect the water quality of the Sapangdaku River. Physicochemical, 

metal and microbial analyses are deemed important to determine the current condition of the river. 

The results of the physicochemical and microbial assessment provide the baseline data for the 

Sapangdaku River and give information on how activities of the people may have affected the 

quality of the river; thus, the conduct of the study. 

2. Materials and methods 

2.1. Sampling stations  

The study carried out a descriptive quantitative assessment on the Sapangdaku River in Toledo 

City, southern Cebu, Philippines. Three sampling stations were established along the stretch of the 

river, namely the upstream [US] in Brgy. Cambang-ug (10°21'2.592''N, 123°41'34.368''E), 

midstream [MS] in Brgy. Juan Climaco, Sr. (10°21'32.364''N, 123°39'50.544''E), and downstream 

[DS] in Brgy. Malubog (10°23'28.932'' N, 123°39'6.156'' E) as illustrated in Figure 1. According to 

the DENR River Basin Control Office Sapangdaku River Basin has a drainage area of 147 km2 and 

an estimated 88 million cubic meter (MCM) annual run-off (RCBO, 2015). The catchment is 

classified under Type III weather in the Corona climate classification and experiences dry season 

from November to April and wet season for the other months of the year [15]. Biga Pit, a huge mine 

tailing deposit facility, is part of the Sapangdaku catchment. 

The copper mine operates near the US station, where few residential houses are found and large 

trucks collect sand and gravel in the water. Grasses and trees thrive and cows and goats graze in the 

riverside section of the MS station, where more communities live than the US portion of the river. 

Sand and gravel quarrying and domestic activities such as washing clothes are evident in the middle 

area of the river. Commercial establishments and national highway are found in the DS station, 

where most communities live among the three stations. More domestic and industrial affluents are 

found in this low riverine portion due to the presence of these establishments and communities. 

2.2. Sample collection 

Water sampling methods are based on the guidelines formulated by the American Public Health 

Association [APHA], American Water Works Association [AWWA], and Water Environment 

Federation [WEF] [16]. Briefly, five samples were collected in each station. These samples were 

collected beneath the surface of undisturbed water by opening the container below the surface and 

collecting water at the surface, and then labeled with unique sample number. All the samples were 

taken during the cool dry season, collected from 9 to 11 o’clock in the morning, and sampled by the 

same team under the guidance of a water lab in-charge. After collection, all water samples were 

immediately transported to Technolab Analytical Group, Inc. in Casuntingan, Mandaue City. 
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Figure 1. Map of Toledo City (inset), showing the three (3) sampling locations along the 

Sapangdaku River (yellow line).  

2.3. Physicochemical, metal and microbial analysis 

Physicochemical parameters such as temperature, streamflow, dissolved oxygen [DO], chemical 

oxygen demand [COD], biological oxygen demand [BOD], and total dissolved solids [TDS] were 

measured on-site using 2150: conductivity meter, float method, 5400-O: azide modification, 5220 B: 

open reflux, 5210 B: 5-Day test, and 2540: dried at 180 ºC, respectively. Other physicochemical 

parameters such as pH, conductivity, turbidity, and total suspended solids [TSS] were tested 

immediately at Technolab Analytical Group, Inc. using 4500-H+ B: electrometric method, 2510: 

conductivity meter, 2130 B: nephelometric method, and 2540 D: dried at 103–105 ºC, respectively.  

Metal and microbiological analyses were also tested in the laboratory. Mercury [Hg] was 

quantified using 3112 B: cold vapor atomic absorption spectrophotometric [AAS] method. Levels of 

copper [Cu] and lead [Pb] were determined using 3030 E: nitric acid digestion and 3111 B: direct 

air-acetylene flame AAS method. Hg, Cu and Pb are analyzed because these metal contaminants are 

hazardous or toxic to the environment, which may have affected the riverine system over time. Total 

and fecal coliform counts were determined using 9221: multiple tube fermentation techniques. 

All physicochemical parameters except streamflow are based on the guidelines by APHA, 

AWWA, and WEF [16]. Streamflow is based on Environmental Protection Agency's 

calculations [17]. 

2.4. Data analysis 

All water quality parameters were compared to DENR (Order No. 2016-08) standards, except 

conductivity [18], turbidity [19], and streamflow [20]. Physicochemical, metal and microbial 
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parameters were analyzed through trends and inferential statistics. The three sampling stations were 

analyzed due to the anthropogenic activities that occur in certain parts of the river, such as the copper 

mine in US and the commercial establishments in DS. 

Preliminary tests showed that all parameters are homogeneous and normal (Shapiro-Wilk test) 

with the exception of temperature, and some of site pH, conductivity and streamflow values. The 

homogeneous and normal parameters were analyzed using analysis of variance and Pearson r 

correlation while those that are not homogeneous and normal were tested using the non-parametric 

counterparts. Principal component analysis was conducted to characterize the loadings of all 

physicochemical and biological parameters for each of the Principal Components (PCs) obtained 

having eigenvectors higher than one [21]. The component has significant loading on a variable when 

the loading is greater than 0.7. 

All data were stored in Microsoft Excel and the tests were conducted at α = 0.05 using the 

Statistical Package for the Social Sciences (SPSS). 

3. Results  

3.1. Water quality characteristics on Sapangdaku River 

The results of the physicochemical analysis of the Sapangdaku River are shown in Table 1 

below.  

Table 1. Water quality characteristics of Sapangdaku River. 

Parameter Units Standard* DS MS US 

Physicochemical Parameters 

pH  6.5–9.0 7.81 7.84 7.89 

Temperature °C 25–31 23.90 23.8 22.9 

Conductivity mS/cm <1a 0.53 1.85 0.54 

Turbidity NTU <25b 23 35 22 

Stream flow m/s 0.1–0.69c 7.45 1.86 12.89 

DO mg/L >5 8.1 7.7 8.1 

BOD mg/L 7 2.7 1.3 1.2 

COD mg/L 100 29 25 19 

TSS mg/L 80 15 20 233 

TDS mg/L 100 346 1,232 360 

Metals 

Hg mg/L 0.002 <0.0001 <0.0001 <0.0001 

Cu mg/L 0.02 <0.01 0.152 0.339 

Pb mg/L 0.05 <0.01 <0.01 <0.01 

Microbial Parameters 

Total coliform MPN/100mL 10,000 2.8x107 7.0x103 1.1x103 

Fecal coliform MPN/100mL 400 3.90x106 2.2x103 1.4x103 

Notes: *Based on DENR Order No. 2016-08 unless indicated. 

aEPA (2001); bMPCA (2008); cNIWA (2016). 
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Water analysis of the Sapangdaku River showed that pH, DO, BOD, and COD are within the 

permissible range for freshwater source C waters based on DENR standards. The conductivity, 

turbidity, and TDS of waters at MS, as well as the TSS at the US, have values outside the maximum 

permissible values of 1.0 mS/cm, 25 NTU, 100 mg/L, and 80 mg/L, respectively. Temperature is low 

in all sites while streamflow and TDS are higher than what is acceptable. 

Metal concentrations of Hg and Pb in the Sapangdaku River are within the acceptable limit. 

However, MS and US concentrations of Cu are greater than the limit. Total coliform counts in MS 

and US are within the permissible range, but DS counts go beyond such range. Fecal coliform counts 

in all sites are greater than the 400 MPN/100mL standards. 

3.2. Trends and spatial differences across DS, MS and US Sites 

The trends and spatial differences in physicochemical, metal and microbial characteristics across 

three sites are graphed in Figure 2 below.  

 

   

 

Figure 2. Trends and spatial differences of water quality parameters. 
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Assessment of Sapangdaku River registered an increasing pH from the DS to the US, but pH 

temperature values across study sites show no significant difference, thus are comparable. TSS 

increases while temperature, BOD, and COD decrease from DS to the US, and their values 

significantly vary across sites. Moreover, DO fluctuates but shows no significant spatial difference. 

Conductivity, turbidity, TDS, and streamflow have fluctuating trend and their F-values indicate 

significant differences, with MS values being the highest for the three former and lowest for the 

latter. Furthermore, no spatial difference is observed for Hg and Pb concentrations. Cu concentration 

increases while total and fecal coliform counts decrease from DS to the US; all three parameters have 

significant differences across sites. 

3.3. Correlation among the water quality parameters of Sapangdaku River 

Results of the correlational analysis among the physicochemical, metal, and microbial 

parameters of the Sapangdaku River are tabulated as follows. 

Table 2. Correlation among water quality parameters of Sapangdaku River. 

Parameters Site r-value p-value 

conductivity and BOD DS 0.973* .005 

stream flow and TSS DS 0.935* .020 

total coliform and TDS DS 0.936* .019 

Cu and temperature DS −0.897* .039 

pH and temperature MS 0.922* .026 

pH vs TSS MS −0.938* .018 

total coliform and conductivity MS −0.954* .012 

fecal coliform and pH MS −0.948* .014 

fecal coliform and TSS MS 0.883* .047 

BOD and TDS US 0.903* .036 

Cu and temperature US −0.945* .015 

All other parameters   >.05 

Note: *Significant at α = 0.05 

Correlational analysis of physicochemical parameters showed that among the associations in the 

DS, only conductivity & BOD, and streamflow & TSS are significantly correlated with one another, 

which means that conductivity increases as BOD increases. In the MS, pH has a significant 

relationship with temperature and TSS. BOD and TDS are significantly correlated in the US. 

Cu is significantly associated with temperature in the DS and US. Total coliform has a 

significant correlation with TDS and conductivity in DS and MS, respectively. Fecal coliform has a 

significant relationship with pH and TSS in the MS. All other parameters do not correlate with other 

parameters in certain sites of the river. 

 

 

 



566 

AIMS Environmental Science  Volume 7, Issue 6, 559–574. 

3.4. Components and rotated components of the water quality parameters of Sapandgdaku River 

The results of the principal component analysis of the water quality parameters of Sapangdaku 

River is reflected in Table 3 as principal components and rotated principal components. The 

parameters pH, mercury and lead were dropped upon listwise deletion of PCA in SPSS. 

Table 3. Principal components and rotated component matrix of Sapangdaku River. 

Parameters PC1 PC2 RPC1 RPC2 

DO  0.403  −0.401 

BOD 0.760*  0.812*  

COD 0.983*  0.975*  

TSS  0.395  −0.859* 

TDS  −0.991*  0.993* 

Temperature 0.688  0.654  

Conductivity  −0.919*  0.925* 

Turbidity  −0.976*  0.987* 

Stream flow  0.811*  −0.871* 

Copper −0.994*  −0.991*  

Total coliform 0.810*  0.871*  

Fecal coliform 0.810*  0.871*  

Eigenvalues 5.511 4.725   

%Cumulative variance 36.742 68.239   

Note: *Significant variables. 

 

The eigenvalues of the two principal components explain 68.239% of the variance in the dataset 

of the water quality parameters. The first principal component explains 36.742% of the total 

variance. PC1 contains negative loadings on TSS and copper, as well as positive loadings on BOD, 

COD, total coliform and fecal coliform. The second principal component explains 31.497% of the 

total variance. PC2 contains one negative loading on streamflow and positive loadings on TDS, 

conductivity and turbidity.  

3.5. Component plot in rotated space 

The relationship between components and variables in two components shows the 

representativeness and influence of the water quality parameters relative to the components and the 

distance from the origin. Based on Figure 3, four distinct groups are formed. Two groups have 

negative correlation with PC1 and PC2; these are solids (copper and TSS), and streamflow, 

respectively. The remaining two groups show positive correlation; these are chemico-biological 

aspects (COD, BOD, total coliform and fecal coliform) in PC1, and water clarity (TDS, turbidity and 

conductivity). 
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Figure 3. Relationship between components and variables in the principal component analysis. 

4. Discussion 

Rivers are vulnerable targets of industrial and domestic pollution and eutrophication from 

several commercial and industrial activities, including mining activities. Metal mining such as for 

Cu, Zn, and Pb, has become an international concern because of its significant environmental effect 

and ecological degradation that can seriously impact to the health of human beings and other 

organisms [22]. Metals may spill into the surrounding area of the mine pit that can alter both 

terrestrial and aquatic environments and flow to riverine systems that can be carried to other nearby 

areas [14,23]. This spillage has occurred in Sapangdaku River in the Philippines, where stored 

contaminated water from a mining pit has been dispersed in the riverine system in 1999 [14]. Due to 

this, the copper mine has strengthened their observance to global environmental standards and 

compliance to the country’s environmental protection and enhancement [24]. The copper mine, along 

with several domestic communities and commercial establishments located near the river, have 

affected the riverine system through time. This present study assesses the current condition of 

Sapangdaku River and provides information how people and their activities have affected the river.  

The water pH of the Sapangdaku River is described as very slightly basic. This weak alkalinity 

is primarily due to the natural composition of carbonate-rich soils in Cebu Island, Philippines. 

Carbonate compounds such as limestone increase the pH of freshwater sources and contribute to the 

alkaline nature of Cebu rivers [25–26]. There is no significant spatial difference in pH across the 

three sites, implying that there is no or very little chemical interference caused by domestic and 

industrial effluents to the river [27]. In the midstream, pH has a significant positive correlation with 

temperature but a negative correlation with TSS. This association could be since when temperature 

increases, the dissolution of carbonates and hydroxides in water also increases [28]. As carbonates 
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and hydroxides are dissolved, less suspended solids are found. The relationship between pH, 

temperature, and TSS affects the habitability of aquatic life [29].  

Sapangdaku River has cooler waters than normal Class C freshwater sources. This could be 

affected by the rainy weather during the sampling of water. There is a significant difference in the 

temperature of the three experimental sites, which could be due to the geographical location and 

sampling time [20]. Water temperature varies depending on local conditions, such as the upstream 

has cooler waters than the downstream due to altitude [30].  

The conductivity of the downstream and upstream of the Sapangdaku River is within the 

acceptable range while TDS is within that range across all sites. The midstream registered the highest 

conductivity and TDS values. These higher values can be due to the limestone deposits naturally 

occurring in Cebu, as well as the low rate of calculated streamflow in the site. Due to limestone 

deposits, calcium and magnesium ions are dissociated in the water [31]. Low stream flow rate and 

cooler condition of the site increases conductivity and TDS, which could lead to a greater risk of 

eutrophication and hardness of the water in the river [32].  

Like conductivity, the turbidity of the downstream and upstream of the river is within the 

acceptable range for warm waters. The turbidity in the midstream site is very high compared to the 

MPCA range, which could be associated with the quarrying activity in the upstream. The sand and 

gravel particles from the activity are carried from the upstream, wherein flow drastically decreases 

from there, thereby having more particle settlements in the midstream. Human activities like 

quarrying generate very increased levels of colloidal rock particles in the water [27,33]. There has 

been observed a significant difference in turbidity measures in the sampling sites, which could be 

due to the extent of use of soil resources in the river (i.e., through quarrying) and the significant 

difference in the flow of water in the river. The drastic increase of turbidity in the midstream 

signifies an environmental concern, which could impair water quality, thereby decreasing the 

habitability of aquatic and human life and increasing the risk of flooding [34].  

The flow rate of water of the Sapangdaku River is higher than the acceptable range for rivers and 

streams. Observed quarrying activity, which causes erosion, have caused the high flow rate in the 

upstream and downstream, as well as higher TSS in the upstream area of the river, which devastates 

the aquatic life in the headstream and low stream [35–36]. The abundance of pollution-indicator 

organisms such as dragonflies and striders in the river suggests the possible polluted condition 

brought about by quarrying and household activities [37]. Significant differences among flow rates in 

the three sites could be due to the extent of human use of river soil resources, erosion, and depth. 

The DO concentrations of the Sapangdaku River are within the permissible range and are not 

significantly different across the three sites. This means that the river has DO concentration enough 

for the survival of the organisms living underwater [38], and any site of the river can offer more 

diverse and stable ecosystems [39]. Due to these high levels of DO, the BOD and COD levels across 

all sites are within the DENR standard. BOD and COD results indicate that the river water has little 

organic pollution; this means that no large amounts of organic matter are found in the river. With this 

little amount of organic matter, microorganisms could not find substrates to undergo aerobic 

processes, therefore, oxygen levels are still controllable [40]. BOD and COD in the downstream part 

registered the highest concentrations, which may be attributed to the contribution of domestic wastes 

and industrial effluents from communities surrounding the lower part of the river [41]. BOD is 
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significantly correlated with conductivity in the downstream; the BOD-conductivity relationship can 

be explained by the domestic and industrial effluents that may have carried dissolved salts in 

them [42]. BOD and TDS are significantly associated with the upstream, which can be attributed to 

the ions coming from limestone deposits and soluble metals in the mountain and mining area [43].  

The Hg and Pb concentrations in all sites of the river are very low that such values are within the 

DENR standard. Hg and Pb at low levels suggest that the water is free from possible metal toxicity 

and bioaccumulation through trophic chains [44–45]. Previous Sapangdaku River study by Lok & 

Sakamoto [14] found high amounts of Pb but in the pipe tailings sediments and not necessarily from 

the river. The same river study also found out that Cu has the highest concentration among other 

metals as found in sediments. In the present study, Cu is found in high concentrations in the 

midstream and upstream beyond the permissible range. This high concentration can be attributed to 

the fact that a copper mine operates near the area. Cu leached from the surroundings through erosion 

because the landmass in the area is generally rich in copper [14]. Thus, in the present, Cu is found in 

large concentrations. High amounts of the metal lead to Cu toxicity and poisoning that negatively 

affects both aquatic animals and humans alike [46].  

Total coliform counts in the midstream and upstream are acceptable, while the downstream 

count is unacceptable. The total counts in the downstream mean that there are large numbers of 

coliforms in the water that there is a high probability that other pathogenic bacteria or organisms may 

be present that could cause diseases [47]. Such counts may be linked to more domestic and industrial 

effluents found in the downstream site. Total coliform is associated with TDS in the downstream, 

indicating that domestic wastes may have carried soluble solids along with bacteria and other 

pathogens [48]. Total coliform is inversely related to conductivity in the midstream, suggesting that 

coliform count is still acceptable even though conductivity increases due to low flow rate and cooler 

conditions of the site [32]. 

Fecal coliform counts in all sites are beyond the standard. This means that there are large 

numbers of bacteria coming from the feces of people and animals. All river sites have this large 

number of fecal bacteria because households are living along with each side of the river. Households 

dump human and animal feces, decaying food wastes, and animal carcasses contributing to the high 

counts [12]. Of the three sites, the downstream registered the highest fecal coliform counts. More 

communities are found in the downstream where there are more people and have more garbage to 

dump. The fecal coliform count is inversely correlated with pH and directly correlated with TSS in 

the midstream. Seo et al. [49] obtained the same result and attributed the former to the occurrence of 

carbon dioxide while the latter to the inflow of non-point pollutants such as feces. 

Results of the principal component analysis showed that water quality parameters that are 

important in understanding the current condition of Sapangdaku River. In this study, PCA was used 

to determine the most important factors, which contributed to the overall variability of physico-

chemical and biological parameters across the sampling area. Under the first principal component, 

positive loading for BOD, COD, total coliform and fecal coliform may imply presence of organic 

pollutants from domestic sewage, animal feces and decaying animal carcasses found in the vicinity. 

Studies reported that “organic factor” from municipal and industrial effluents may result to positive 

loadings of COD and BOD [21,50]. In this present paper, however, the BOD and COD levels are 

within permissible values. while total coliform and fecal coliform counts are beyond the acceptable 
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standard. Though there is evidence that the river is polluted to some extent due to the coliform 

counts, the acceptable BOD and COD values indicate that the riverine system can still offer habitat 

for life to exist. Meanwhile, positive loadings for turbidity may imply that soil erosion may have 

recently occurred in the area prior to data collection, and this is associated to the presence of 

dissolved solids [21,51–52]. 

The condition of the river is affected by the metal copper and suspended solids, streamflow, and 

water clarity. Copper and suspended solid concentrations are significantly increasing from DS to US, 

implying that these solids may come from soil erosion activities such as quarrying and mining. 

Streamflow in the middle portion of the river has the lowest rate due to the observed quarrying 

activity. Suspended and dissolved solid particles originating from the high flow rate (upper portion) 

which settled in the midstream increases turbidity and conductivity in the area. These parameters 

describe how soil erosion activities have affected Sapangdaku River. 

5. Conclusions 

Sapangdaku River in Toledo City is very weakly basic and has cooler waters than a typical Class 

C freshwater source. Significant fluctuations in conductivity, turbidity, streamflow, and TDS are 

observed across the upstream, midstream, and downstream sites of the river. DO, BOD, and COD 

concentrations show that the Sapangdaku River exhibits little organic pollution that keeps the level 

of usable oxygen at optimum for aquatic ecosystems to prosper. There are negligible amounts of Hg 

and Pb but high concentrations of Cu that may pose metal poisoning to aquatic life and humans. 

Total coliform counts are low in the midstream and upstream, while fecal coliform counts are high in 

all sites. 

Anthropogenic activities such as mining and large-scale quarrying have affected the Sapangdaku 

River quality. Higher conductivity, higher turbidity, slower flow rate, and cooler conditions in the 

midstream, as well as the presence of more pathogenic bacteria and Cu across sites, indicate poor 

water quality. These conditions could be improved through educating the communities, decreasing 

means of erosion, and establishing strict policies and ordinances on dumping garbage and the use of 

river resources in the area. 

Though there is poor quality, the DO, BOD, and COD levels of the river show promising results 

that aquatic life can still thrive in the Sapangdaku River. Future researchers could use the study 

findings as to baseline data for further assessments, especially on the river ecosystem. They could 

also use the results for interventions that the government, private sector, and communities will 

formulate and implement for the Sapangdaku River and other southern Cebu rivers. 
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