
J. Bio. & Env. Sci. 2023 

 

1 | Estorosos  et al. 

 
    

RERERERESEARCHSEARCHSEARCHSEARCH    PAPERPAPERPAPERPAPER                                                                                                                                                                                                                                                                                                                                                                                OPEN ACCESSOPEN ACCESSOPEN ACCESSOPEN ACCESS 
 

Assessment of spatial variations in surface water quality of 

Laguna Lake stations using cluster analysis approach 

 

Joey S. Estorosos*, John Michael B. Genterolizo, Wilfred V. Rios, 

Kristilynn C. Saavedra, Mark Ian C. Andres, Ricky B. Villeta, Jonecis A. Dayap 

 

School of Arts and Sciences, University of San Jose-Recoletos, Cebu, Philippines 

 
Article published on  May 05, 2023 

Key words: Laguna lake, Water pollution, Water quality, Cluster analysis 

Abstract 

The Philippine archipelago consists of various natural water resources, an asset that helps bring speed to nation-

building activities considering the country is a developing nation. Laguna lake is a prime example where economic 

activity and human settlement impact the natural resources, which leads to consequential problems relating to 

water pollution and fish kill. Applying the multivariate cluster analysis that take into account salient critical factors 

in the assessment of the spatial variation of water quality in Laguna Lake can give a better understanding of the 

problem. Cluster analysis identified two state clusters (high polluted station, and less polluted station) that are 

present in the lake, having unique water qualities associated with geographically located Laguna Lake water 

stations. Cluster analysis results revealed the presence of sewage systems in high polluted stations, specifically the 

Manggahan floodway. High polluted station is characterized by high concentration of inorganic phosphate and 

ammonia due to sewage effluents runoff. These monitoring stations in Cluster 1 are located further inland. In 

contrast, a less polluted station is known to be in areas near from commercial factories and households. Less 

polluted station is determined by lesser concentrations of inorganic phosphate and ammonia which leads to 

sufficient concentration of Dissolve Oxygen that is suitable for aquatic organisms. 
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Introduction 

Human development is a fundamental phenomenon 

(Bronfenbrenner & Morris, 2007) that affects the 

marine biological ecosystem, the human economy, 

and degradation of the environment in general 

(Dayap et al., 2023). The devastating impact of 

human activity on natural water resources, such as 

rivers and lakes (Twardochleb & Olden, 2016), is a 

cause for great concern, given that these bodies of 

water have played a critical role in the emergence and 

sustenance of civilizations throughout history. It is 

essential that we take urgent action to preserve and 

protect these vital resources for future generations. 

The Philippines is a famous archipelagic paradise, 

popularly surrounded by rivers and lakes, which are 

affected by various human economic activities whose 

settlement near and around the vicinity brings a huge 

impact on the life of the exquisite marine ecosystem 

in the country (Boquet, 2017). For example, the 

Laguna Lake in Luzon is a prominent tourist 

destination that offers wide business opportunities 

for tourists (Historical Sea Surface Temperature for 

Laguna Beach, 2013), locals, and the rest of the 

nearby population which directly impacts the quality 

of naturally abundant water resources (Barril & 

Tumlos, 2002) (M, Dp, Babilonia, M, & Rebancos, 

2015) that are being exploited for the benefit of the 

locality (Concepcion, 1976). While various studies are 

conducted in Laguna lake (Jalbuena et al., 2019) 

(Pariset, 1977)to bring awareness (Barril et al., 1994) 

of how this impacts the lake’s water quality (Schröder 

et al., 2016), little is known to address the impact of 

spatial variations within the lake (García-Ferrer et al., 

2003). Thus, a study is needed for the assessment of 

water quality in the Laguna Lake conducted in 

various strategic locations. 

 

This study aims to classify the water quality of Laguna 

Lake on well-located government-controlled 

(Masuda, 2019) water stations, using known seven 

critical parameters that were measured to assess 

water quality by means of cluster analysis. These 

critical parameters are listed as follows; BOD 

(Biological Oxygen Demand), DO (Dissolved Oxygen), 

pH levels, presence of fecal coliform, concentrations 

of ammonia, nitrates, and inorganic phosphates. The 

identification of these clusters will effectively provide 

a better understanding on how spatial variations can 

contribute to the quality of water and its impact on the 

natural marine environment. The results of this study 

can have an effect on scientific-based government 

actions to help develop human economic activities 

surrounding the Laguna Lake (Kada, 2014)and 

generate ideas to mitigate problems found within and 

near it (Ancog et al., 2009). Finally, this study aims to 

contribute to the development of other Lakes in the 

country and bring about ideas for creating sound 

scientific government policies on lakes. 

 

Materials and methods 

Data Collection 

This study employed exploratory data analysis, also 

known as data mining. It aimed to uncover new 

information without relying on a pre-existing 

hypothesis (Sim, 2003). To assess the spatial 

variations in Laguna Lake's surface water quality, we 

utilized the Laguna Lake Development Authority's 

2018-2019 dataset (LLDA, n.d.) on water quality 

parameters for the nine monitoring stations: Central 

West Bay (I), East Bay (II), Central Bay (IV), 

Northern West Bay (V), South Bay (VIII), West Bay-

San Pedro (XV), West Bay-Sta Rosa (XVI), Fish 

Sanctuary (XVII), and Pagsanjan (XVIII). The dataset 

is included in the LLDA's quarterly water monitoring 

report, which includes seven water quality 

parameters: Biological Oxygen Demand (BOD), 

Minimum Dissolved Oxygen (DO), Level of Acidity or 

pH, Nitrate, Inorganic Phosphate, Ammonia, and 

Fecal Coliform. Multivariate cluster analysis was 

performed for analyzing and interpreting the dataset 

using Minitab version 16. 

 

Data Treatment 

The identified parameters were subjected to 

multivariate cluster analysis in order to identify major 

clusters among the nine monitoring stations with 

high similarities in water quality. Cluster analysis was 

used to determine whether monitoring stations can be 

clustered into distinct water quality groups. In this 

study, Q-mode hierarchical cluster analysis (HCA) 
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was applied to classify the sampling stations. For this 

procedure, the Wards linkage method with squared 

Euclidean distance was used to create a dendrogram 

that determines the similarities among the 

monitoring stations.  

 

Data Analysis 

The result of hierarchical clustering is a dendrogram, 

which is a tree-like diagram that illustrates the order 

in which the clusters were merged. We can utilize the 

dendrogram to determine the number of clusters we 

desire (Baker, R., 2010). After acquiring the clusters, 

a comparison of the water quality parameters of each 

cluster was conducted to determine whether there 

were any differences or similarities which can provide 

valuable insights about the condition of the lake and 

identify potential sources of pollution or areas that 

need further monitoring and protection. It can help 

local government efforts to improve water quality and 

ensure the sustainability of lake resources. 

 

Results and discussion 

Using multivariate cluster analysis, out of 9 sampling 

stations, two major clusters were identified as shown 

in Fig. 1 and Table 1. These sampling stations were 

clustered according to the similarity of the listed 

station’s water quality (Yu et al., 2013). This allows 

better classification of water stations having similar 

or closely related water qualities. For example, 

stations I, V, and VIII are found to closely resemble 

each other’s water quality as shown in Fig. 1. It 

follows that such a unique cluster, which contained 

three stations sharing the same water quality will be 

labeled according to its level of classification. 

Moreover, their water quality is as quantitatively 

shown in table 1 as cluster 1 qualitatively labeled as 

the “Highly Polluted Stations” of Laguna Lake. This is 

expected since close introspection of the raw data and 

set locations of such stations show that it contained a 

significantly large amount of pollution.  

 

According to (Poté, et al., 2009) there are five major 

findings that revealed how spatial-temporal 

distribution contributes to water pollution. One of the 

main contributors is associated with regions near the 

river mouth, where entry of such pollutants is 

expectedly carried by the runoff water, especially 

during wet seasons (Dayap et al, 2023). Since 

stations, I, V, and VIII are near or close to the mouth 

of the Marikina River and Manggahan floodway; their 

locations would expectedly be polluted.  

 

In contrast, those stations far from the mouth of the 

rivers are expectedly low in pollution. This is also 

clearly shown by the results found in Fig. 1, where the 

rest of the stations are located and are found to have a 

significantly low amount of pollution.  

 

 

 

Fig. 1. a). Dendrogram showing clustering of water 

stations according to water quality parameters of Laguna 

Lake stations and b) Map of the Laguna Lake and the 

corresponding locations of the 9 sampling stations. 

 

Table 1. Final Partition Number of clusters: 2. 

 Number of 
Observations 

Within 
cluster 
Sum of 
squares 

Average 
distance 

From 
centroid 

Maximum 
distance 

From 
centroid 

Cluster 1 
(HPR) 

3 16.7120 2.3210 2.92669 

Cluster 
2 (LPR) 

6 19.7493 1.7284 2.4864 
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Table 2. Cluster Centroids. 

Variable Cluster1 Cluster2 Grand 
centroid 

BOD 0.68577 -0.342883 -0.0000000 
DO -0.42855 0.214277 0.0000000 
Fecal 
Coliform 

0.87020 -0.435101 0.0000000 

pH -0.80475 0.402377 -0.0000000 
Ammonia 0.91297 -0.456483 -0.0000000 
Nitrate 0.65606 -0.328032 -0.0000000 
Inorganic 
Phosphate 

1.00955 -0.504775 -0.0000000 

 

Table 3. Distances Between Cluster Centroids. 

Cluster1 Cluster2 Grand centroid 
Cluster1 3.125600 .00000 
Cluster2 3.12560 0.00000 

 

The results of a Cluster Analysis undertaken to define 

the loadings of the 9 parameters in the water quality 

of the various locations of Laguna Lake and its 

tributaries from 2018 to 2019 data suggest the 

formation of two clusters. Table 2 shows that the first 

cluster for water quality in Laguna Lake during 2018 

to 2019 had high positive loadings for Ammonia, 

Nitrate, Inorganic Phosphate, Fecal Coliforms, and 

BOD, with values of 0.91297, 0.65606, 1.00955, 

0.87020, and 0.68577, respectively. Moreover, this 

cluster exhibits negative pH and DO loadings, with 

values of -0.80475 and -0.42855, respectively.  

 
The second cluster of data for Laguna Lake's water 

quality in 2018–2019 shows positive loadings for DO 

and pH at 0.214277 and 0.402377, respectively. While 

there are negative loadings for the other factors. The 

current state of both clusters indicates that both 

locations are experiencing eutrophication, which 

implies that both areas are polluted as a result of the 

high nutrient levels found at each study site. 

However, as shown by the cluster analysis, the first 

cluster has a larger concentration of effluents such as 

inorganic phosphates, ammonia, and nitrates. 

Locations aggregated in the first cluster was classified 

and designated as "High Polluted Stations". 

Conversely, the sampling stations under the second 

cluster were categorized and designated as "Less 

Polluted Stations". 

 

According to the cluster analysis results, Cluster 1, 

comprising of monitoring stations I, V, and VIII, has 

greater nutrient levels as evidenced by positive 

loadings of Ammonia, Nitrate, and Inorganic 

Phosphates in comparison to its negative loadings 

with cluster 2. These nutrients contributed to the high 

eutrophication level in the Cluster 1, creating an ideal 

habitat for algae and bacteria such as fecal coliforms 

to grow (Filik et al., 2008, Serrano et al., 2008, 

Kundu et al., 2017, Vadde et al., 2018). Algae feed on 

excess nutrients like phosphates and nitrogen, which 

leads to an algal bloom (Carpenter et al., 1998, Paerl 

et al., 2001, Chislock et al., 2013). The sunlight is 

blocked by the large amount of developing algae, 

which also slows the photosynthesis of aquatic plants, 

lowering the levels of soluble oxygen in the affected 

areas (Conley, et al., 2009). Furthermore, as these 

algae die, the organic matter is broken down by 

bacteria found in the river system enteric bacteria and 

other fecal coliforms flourish in this environment 

(Oswald et al., 1953, Priyadharshini et al., 2021).  

 

As these fecal coliforms carry out their metabolic 

process by decomposing, they increase the need for 

biological oxygen by consuming even more of the 

little oxygen that is still dissolved in the environment, 

which creates the hypoxic situation known as a dead 

zone (Gerardi 2003, Shmeis 2018, Meshesha et al., 

2020). Fecal coliform, as a facultative anaerobe, can 

also benefit during eutrophic events by using nitrate 

as final electron acceptor once dissolve oxygen is 

depleted (Unden and Dunnwald 2008). As fecal 

coliform conducts cellular respiration, one of its by-

products, CO2, dissolves in water and forms carbonic 

acid and other inorganic carbon. Accumulation of 

dissolved inorganic carbon therefore decreases pH 

and cause acidification in natural waters (Weathers, 

Strayer, and Likens 2021). 

 

As a result of the decomposition occurring within 

Cluster 1 and the Laguna Lake's location in a tropical 

nation with warm temperatures, the environment 

becomes more acidic than a typical and healthy river 

system. Although it is still regarded as contaminated 

in comparison to the monitoring stations in Cluster 2, 

the negative ammonia, nitrate, and inorganic 

phosphate loadings imply that it has lower nutrient 
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levels than the other stations. This observation is 

further supported by its positive loading between pH 

and dissolve oxygen levels, which indicates that 

among the sampling stations that are included in this 

clustering, Cluster 2 has less pollution than Cluster 1 

because it still has a manageable level of dissolve 

oxygen level and a negative loading of biological 

oxygen demand, implying that the eutrophication and 

decomposing processes in these sites are less severe. 

 

The differing condition of monitoring stations from 

cluster 1 and cluster 2 has something to do with the 

areas as to which these stations were sampled. Most 

monitoring stations that are from cluster 2 are 

considered to be near the inland, though it might be 

the area that is close to contact with solid wastes 

during the dry season these areas are left to be 

sundried and baked under the heat of the sun (Sun, et 

al., 2010). Despite the large levels of inorganic and 

organic nutrients that may be present in the 

sediments, the season's intense sunlight is too hot for 

algae and bacteria to survive (Sollie et al., 2008, 

Tilahun and Kifle 2021). But, once the wet season 

begins, the water begins to rise, which is where the 

bacterial and algal communities grow and where the 

eutrophication process begins (Wen et al., 2016, Chen 

et al., 2022). This is however cut short when the wet 

season is on its full-swing. As rain deposits more 

precipitates in these stations, the algae and bacteria 

are wash away and the nutrient-rich condition of 

these sites are mixed with influx of water lowering its 

concentration level (Herrera and Nadaoka 2021). 

Furthermore, these stations are also prone to flooding 

which could also be a cause as to why the 

eutrophication and decomposition in these stations is 

not as intense as observed with the stations present in 

cluster 1. The most likely explanation for the positive 

nutrient loadings in Cluster 1 monitoring stations is 

that, during the dry season, they become the 

immediate recipient of polluted waters flowing from 

Marikina and Pasig River (Santos-Borja 1994, 

Herrera et al., 2015, Paronda et al., 2019), while, 

during the wet season, they receive industrial and 

agricultural runoffs from the Manggahan River 

floodways (Dela Pena and Pael 2009). Also, 

monitoring stations in Cluster 1 are located further 

inland, in which during the dry season, dirty waters 

from Marikina are mixed in these waters due to a 

backflow, and because the location is far from the 

land and the regular supply of the backflow, the 

waters from this area generally never completely dry 

up. This results in the mixing of nutrient-rich 

effluents at these locations, which, when accumulated 

over time, causes significant eutrophication and 

pollution in these areas.  

 

As for the wet seasons, the concentration of these 

nutrient-rich effluents is supposed to decrease due to 

the addition of water in the form of rain, but because 

these areas act as catch basins for industrial and 

agricultural runoff from the Manggahan River, the 

concentration of these nutrients only serves to 

contaminate the waters of these sites further. 

 

Conclusion  

The cluster analysis identifies two distinct clusters 

that include unique factors taken from 7 variables 

associated with water quality, namely: high polluted, 

and less polluted stations. A high polluted station is 

known to be in areas near the mouth of rivers and 

floodways where large amounts of sewer sludges, 

bacteria, and algae are abundantly found, while 

geographically favoring the production of dissolved 

oxygen. High polluted station is characterized by high 

concentration of inorganic phosphate and ammonia 

due to sewage effluents runoff. In contrast, a less 

polluted station is known to be in areas far from outlets 

of rivers and creeks, while geographically promoting 

large-scale fish farms, teeming with various aquatic life 

forms and favoring the production of dissolved oxygen. 

Less polluted station is determined by lesser 

concentrations of inorganic phosphate and ammonia 

which leads to sufficient concentration of Dissolve 

Oxygen that is suitable for aquatic animals. 
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