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Abstract
Groundwater is a common source of water in developing countries. However, these resources 
experienced significant pollution from anthropogenic activities, which affects the ability of these 
resources to support life. In the Philippines, numerical modeling is ubiquitously associated with 
saltwater intrusion (SWI), while the geochemical approach was documented to be considered 
scarce. This study attempted to document SWI in Cagayan de Oro using the geochemical 
chloride-bicarbonate ratio method. Influence of tidal fluctuations SWI, as well as determining the 
factors that are associated with SWI were statistically determined. While most of the groundwater 
wells were still considered normal, data shows that 3 of these were already intruded by saltwater. 
Particularly, the western coastal realms of the city including barangay Bulua, and Kauswagan 
recorded SWI values that are 51% greater than the SWI average of the city. Tidal oscillation 
was similarly found to statistically affect SWI, where records on high tide events showed 23% 
greater than on low tide phenomena. This study further revealed that inherent topographic 
characteristics of a landscape affect the occurrence of SWI. In particular, areas characterized 
by flat slopes, low elevation, and in close proximity to the coast statistically showed positive 
responses to that of the SWI ratio, implying that SWI may likely ameliorate if a landscape 
may exhibit those aforementioned characteristics. Emphasis on creating effective monitoring 
strategies is recommended to ensure the sustainability of groundwater resources of the city.
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1. Introduction
Conservation of coastal aquifers is 

necessary as it serves as the main source 
of freshwater demands for global coastal 
communities (Alfarrah and Walraevens, 
2018; Barlow and Reichard, 2009). The 
relevance of effective coastal aquifers 
conservation is becoming more serious 
considering that most of the densely 
popu la t ed  cosmopo l i t an  a reas  and 
economically-valuable economic districts 
are positioned in coastal areas, necessitating 
the need to urgently characterize the 
status and quality of coastal aquifers (Safi 
et al., 2018). Despite the great importance 
of aquifers in sustaining and advancing 

the economies of coastal communities, 
continued anthropogenic interference 
and unintended coastal hydrological 
system modifications significantly induced 
pollution of groundwater quality by saltwater 
transport, deposition, and intrusion.

Relevant examinations that would 
understand the dynamics of saltwater intrusion 
are necessary to promote and accelerate 
effective conservation measures of groundwater 
resources. Mathematical models have been 
utilized to produce results, and project 
the future scenarios of saltwater intrusion 
(SWI) via assimilation of contemporary 
empirical data (Abd-Elaty et al., 2019). 



G. J. T. Flores and G. C. Lacang  /  EnvironmentAsia 15(3) (2022) 48-57

49

D e s p i t e  t h e  p r o m i s i n g  r e s u l t s 
demonstrated by this approach, it is apparent 
that it is restrained by the availability of 
continuous field measurement, making it 
less feasible if applied in a larger geographic 
area. This type of modeling predicament is 
underscored in the study of El Hamidi et al., 
(2021), where they postulated that despite 
their model performing and yield with 
accurate results, the paucity of long-term 
in-situ measurements, coupled with the 
absence of other sophisticated field parameters 
limits the reliability of the model.

Investigating the extent of SWI is gaining 
popularity in the Philippines owing to the 
burgeoning water resource demand in the 
country. Although widespread, existing 
literature focusing on SWI in the Philippines 
used indirect methods, specifically geophysical 
and geographic modeling approaches (Ngilangil 
et al., 2018). While such an approach may 
determine the conditions of groundwater, and 
could greatly explain the dynamics of saltwater 
intrusion, it is therefore worth noting that 
understanding the occurrence of SWI remained 
to be a context-specific endeavor, which could 
only be satisfied via direct in-situ geochemical 
characterization (Prusty and Farooq, 2020). 

In 1991, the Japan International 
Cooperation Agency (JICA) stressed that 
most of the major cities in the Philippines 
including Cagayan de Oro City illustrate the 
condition of becoming a water-scarce areas. 
This is reflected in the results of Palanca-
Tan (2011) where the study showed that the 
withdrawal rates recorded a total of 3.3 million 
m3 month-1 in 2000, while 4.7 million m3 
month-1 in 2011, representing a total increase 
of 42% in 10 years. This is further exacerbated 
by the conditions that groundwater extraction 
was found to be unregulated, and understudied 
(Racadio et al., 2020). Despite the presumed 
severity of saltwater intrusion in Cagayan 
de Oro City, published articles that examine 
groundwater quality in Cagayan de Oro have 
only documented the quality of the city’s 
groundwater resources (Palanca-Tan 2011). 
Factors affecting SWI has been thoroughly 
reviewed in (Prusty and Farooq, 2020), where it 
was mentioned that topographic characteristics, 
human activities, and tidal actions can influence 
SWI, however, these factors still remained 

undocumented in Cagayan de Oro. Overall, 
these data gaps suggested the need to carry 
out a study on SWI and groundwater quality 
in the coastal areas in Cagayan de Oro City. 
In this study, a geochemical characterization 
approach was carried out to determine the SWI 
and the corresponding water quality status of 
coastal groundwater resources of Cagayan 
de Oro City. Geochemical characterization 
provides a straightforward result that illustrates 
the severity of saltwater intrusion in the 
coastal regimes of the city. Also, application 
of statistical tools was undertaken to elicit 
relationships of topographic and water quality 
towards SWI. Moreover, this also highlights the 
novelty of the study considering that majority 
of saltwater intrusion studies existing in the 
Philippines concentrated on remote sensing, 
and GIS-based SWI modeling (Ng et al., 2018; 
Ngilangil et al., 2018), where the quality of 
the result is highly dependent on field-based 
measurements.

2. Methodology

2.1 Description of the study area

This study was conducted in Cagayan de 
Oro City, a first-class highly urbanized district 
that falls under the provincial administrative 
domain of Misamis Oriental, Philippines 
(Figure 1). The city is known as the capital of 
the Misamis Oriental where it accommodates a 
plethora of industrial zones and human resource 
industries. Recent population census data 
released by the Philippine Statistics Authority 
(PSA) suggests that the city exhibited the highest 
population in the province with an estimated 
population of about 728,402, illustrating a 
net growth rate of 1.58% relative to the 2015 
population survey. This increase in population 
may indicate an intensification of pressure on 
the groundwater resources of the city due to 
burgeoning demands for freshwater. Despite 
the increasing threats to the groundwater 
resources in the city, the availability of 
groundwater quality data is seldom discussed 
in Cagayan de Oro City, with the recent 
one was previously conducted in 2003. 
Moreover, such analyses that were previously 
carried out were limited to those deep 
wells that were legally registered, while 
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directly disregarding wells that were illegally 
constructed. The geographic position of 
the Cagayan de Oro is subdivided by a 
huge river cutting across the central district, 
distinctively creating two administrative 
districts, specifically district 1 (western coast), 
and district 2 (eastern coast). In this study 4 
groundwater wells were located in the western 
coast, while the rest were located in the eastern 
coast, respectively.  

2.2 Sample collection and analysis

A total of 23 groundwater sites located in 
Cagayan de Oro were sampled in May 2022. 
The collection of samples was simultaneously 
performed to eliminate potential variability 
that may arise from varying temporal 
conditions of water collection. Prescribed 
protocols for groundwater sampling and 
storing were done during sample collection. 
Specifically, 500 ml sterilized low-density 
polyethylene bottles were rinsed with 
groundwater before sample collection. 
Physical characteristics including pH, 
temperature, TDS, salinity, and electrical 

Figure 1. Illustration of study site showing the geographic extent of: A) The Philippines, 
B) Cagayan de Oro City, C) Distribution of groundwater sampling stations along the coast 

of Cagayan de Oro City

conductivity were determined in situ using 
multiparameter probes. All groundwater 
samples were contained in a pre-condition 
ice chest that had been set to a temperature 
of 4 °C. Carbonates and bicarbonate 
concentrations of groundwater samples were 
analyzed using a titrimetric method, while 
chloride was measured using argentometric 
method (APHA, 1995). Both of which had a 
detection limit of 1.0 mg/L. Errors of all the 
analytical analyses were found to be within 
the tolerable limit of 5%, thus confirming the 
acceptability of the analytical results.

2.3 Saltwater intrusion

The status of saltwater intrusion in 
Cagayan de Oro was determined using 
ch lo r ide -b ica rbona te  r a t io  me thod 
described in Panjaitan et al., (2018). Ratio 
quantification was calculated following 
equation 1. Descriptive stratification was 
deduced based on Simpson’s index similarly 
presented in Panjaitan et al. (2018) (Table 1).
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Table 2. Categorical stratification of SWI status based on geochemical Chloride Bicarbonate 
Ratio Method

Table 1. Location of each groundwater sampling site

2.4 Data analysis

Statistical differences between tide 
oscillations were evaluated using t-test 
assuming unequal variance. Factors affecting 
the SWI were statistically explored using 
Pearson’s Correlation test. Association was 

further determined using a multiple linear 
regression model with backward elimination 
method. Iterations of model implementation 
were conducted until all variables exhibited 
significant relationship towards the SWI 
values. Overall, these statistical analyses were 
carried out at a 95% confidence level.
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3. Results and Discussion

3.1 Groundwater quality

Table 3 summarizes the physicochemical 
characteristics of groundwater in Cagayan 
de Oro. pH values did not exhibit predictable 
trends as it had a range of 6.63 - 7.34 in low 
tide with a mean pH of 6.96, while 6.11 - 7.47 
during high tide recording an average value 
of 6.74. Comparison between tide oscillation 
showed statistical differences (p < 0.05) in terms 
of their pH. This range is typical in shallow 
groundwater as it may be governed by carbonic 
equilibrium, a groundwater change mechanism 
that modifies pH values as a function of varying 
CO2 and HCO3

- concentrations (Zhou et al., 
2015). Concentration of CO2 may dissolve 
in groundwater, which may culminate in the 
production of H2CO3. Hydrolysis of H2CO3 may 
produce HCO3

- and H+ ions while spontaneously 
discarding H+ ions, making groundwater acidic. 

Measurements of salinity were greater 
during high tide with 16 groundwater sampling 
sites charted with higher high tide values 
compared to low tide. Salinity from low tide 
has a range of 129.00 - 804.67 ppm illustrating 
an average of 492.38 ppm. On the other hand, 
Salinity from high tide recorded a minimum 
of 127.33 ppm and a maximum of 804.67 
ppm showing an average of 847.33 ppm. This 
tidal-associated dichotomy further shows that 
it has an average difference of 12.125 ppm 
and a maximum difference of 48.67 ppm. 
Despite apparent differences relative to the 
tidal fluctuation, this observation showed no 
significant difference in salinity observed 
between tide intervals. Moreover, the range 
obtained from in-situ analysis of salinity 
collectively suggests low salt enrichment 
(< 1,500 uS) (Sarath Prasanth et al., 2012). 

Total Dissolved Solids (TDS) showed higher 
values in low tide events with a mean TDS value 
of 657.43 ppm, whereas high tide illustrated 
a mean value of 648.81 ppm, respectively. 
Similarly, we found that the concentration of 
dissolved solids may be positively associated 
with the distance from the coast (p-value < 0.05).
Irrespective of tide oscillations, 85% of the total 
groundwater well counts were still considered 
freshwater (TDS < 1000 ppm), while the 
remaining 15% are considered slightly saline 

water (TDS 1000 - 3000 ppm) according to 
freeze and cherry classification (Krishnakumar 
et al., 2014). Classification of water outlined 
in Davis and De West (1966) corroborated 
that 23% of groundwater is still suitable for 
drinking (< 500 ppm), while the rest may 
be used for irrigation (1000 - 3000 ppm). 

Notably, distance from the coast slightly 
affects EC, salinity, TDS, and alkalinity 
(Table 4), indicating that dissolved ions 
enrichment may be of greater proportion 
in areas situated far from the coast. The 
concentration of chloride exhibited an inversely 
proportional relationship, corroborating that the 
concentration of chloride may likely decrease 
as the distance from the coast increases.

3.2 Saltwater intrusion (SWI)

The SWI of groundwater in Cagayan de 
Oro City is shown in figure 2. Measurements 
of SWI ratio during low tide ranged from 
0.05 - 0.25, with a mean value of 0.10, while 
high tide has a range of 0.05 - 0.54, charting a 
mean SWI ratio of 0.17 (table 5). Data further 
corroborated statistical differences between 
high tide and low tide SWI measurements 
(p-value < 0.05). Moreover, SWI measurements 
of Cagayan de Oro is significantly lower 
compared to Belawan Indonesia (Panjaitan 
et al., 2018), and Damghan, Iran (Ebrahimi 
et al.,  2016) where it had a percent 
difference of 98% and 97%, respectively.

While 20 of the groundwater wells (86%) 
are still considered normal, it is alarming that 3 
of these were found to record elevated chloride 
concentration, a groundwater quality that is 
commonly associated with saltwater intrusion. 
Most of the western coast barangays of the city 
including Bulua, Bayabas, Kauswagan, Bonbon, 
and a portion of Mideastern barangays including 
eastern Gusa alarmingly exhibited elevated SWI 
values during high tide events. Particularly, these 
barangays alone recorded an SWI ratio of 0.51, a 
value that is 51% higher than the city’s average. 
It is evident that massive water withdrawal 
from these deep wells may likely influence the 
occurrence of SWI. In particular, deep well 
in Bulua (station 23) served as the secondary 
source of domestic water for 15 different 
families, the highest number of users among 
all stations established (Ebrahimi et al., 2018).
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Table 4. Correlation matrix of variables derived from Pearson’s correlation analysis

Table 5. Chloride-Bicarbonate ratio of groundwater and the level of saltwater intrusion

Figure 2. Geographic distribution of saltwater intrusion in Cagayan de Oro during: 
a.) High tide b.) Low tide
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Table 6. Correlation matrix of saltwater intrusion ratio to other related variables 

Table 7. Regression analysis result during first backward elimination procedure

Table 8. Regression analysis result during second backward elimination procedure

Table 6 statistically shows the factors 
that affect the occurrence of SWI in Cagayan 
de Oro based on geochemical analysis. 
Among the variables measured, only chloride 
concentration was known to be positively 
associated with SWI while the rest shows a 
negative correlation. Multiple linear regression 
model which was implemented using backward 
elimination method complemented these 
results showing that increasing chloride 
concentration by a factor of 1 may consistently 
increase SWI by 0.002 in two backward 
elimination procedure, while alkalinity was 
found to be negatively correlated with SWI, in 
which increasing alkalinity by a factor of 1 may 
decrease SWI (r2 = 0.76) (Table 7 and Table 8).

Similar to the analysis of Yi et al., 
(2012), results showed that tidal actions and 
slope characteristics of the landscape may 
likely ameliorate the amount of seawater 
in the shallow coastal groundwater of 
western Cagayan de Oro since these 
areas, specifically Bulua and Kauswagan 
has the lowest slope, flatter elevation and 
closer distance relative to the coast among 
all sampling wells in the study, making 
seawater migration easier compared to 
areas characterized with steep slopes, high 
elevation, and farther from coastal realms 
of the city (Figure 2, Figure 3a, Figure 3b, 
and Table 9).

*** Significant at alpha < 0.0001
** Significant at alpha < 0.001

*** Significant at alpha < 0.0001
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Table 9. Regression analysis between SWI and topographic characteristics of deep wells

Figure 3. Relationship saltwater intrusion ratio and slope; a.) Observation of SWI during high tide 
b.) Observation of SWI during low tide

4. Conclusion
 
This study presented baseline information 

concerning the SWI in Cagayan de Oro, 
accomplished via geochemical analyses. 
Study showed that deep wells in Cagayan 
de Oro is dominated by bicarbonate and 
carbonate, indicating intrinsic characteristics 
of unconfined groundwater. While the 
majority of the groundwater sampling points 
are still considered normal under Na/Cl 
purview, it is alarming that most western 
coastal areas exhibited characteristics that 
are slightly intruded by seawater. Tidal 
oscillations statistically registered significant 
differences, showing that salt enrichment is 
likely ameliorated during high tide events. 
Inherent topographic characteristics of 
landscape specifically flat surfaces, proximity 
to the coast and low elevation were deemed 
to be negatively correlated with SWI. It is 
also concluded that elevated SWI in western 
coast of the city may be induce by excessive 
water withdrawals as evidenced by increased 
population influx that happened in recent 
years. While results still showed favorable 
empirical evidence about SWI, the exigency 

of continuous monitoring of the city’s 
groundwater resources is imperative to ensure 
the sustainability of these finite resources.
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