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KEYWORDS  ABSTRACT:

Heavy metals This study evaluates the groundwater quality in various municipalities of Basilan, focusing on the
concentrations of heavy metals and overall water safety. Sampling wells were analyzed for parameters
including mercury (Hg), arsenic (As), cadmium (Cd), copper (Cu), iron (Fe), zinc (Zn), manganese
Basilan (Mn), nickel (Ni), chromium (Cr), lead (Pb), and barium (Ba). Results indicate that most wells showed
BARMM acceptable levels for these parameters, with notable exceptions: localized iron exceedances in wells
SW4, SW1, and SW3, and consistently high arsenic levels 5.00 across all municipalities, raising
significant health concerns. The Compound Pollution Index (CPI) values were generally below 1,
suggesting that the groundwater is safe for drinking. However, the Heavy Metal Pollution Index (HPI)
revealed slight contamination in certain areas, while Sumisip, Moh. Ajul and Lamitan City reported no
contamination. The Excellent Water Quality Index (EWQI) further confirmed that the groundwater is
classified as excellent across all sampled sites. These findings highlight the necessity for regular
monitoring and investigation into sources of contamination, particularly concerning arsenic levels, to

safeguard public health and maintain water quality in the study area.

Groundwater quality

1. Introduction posing serious health risks to humans and wildlife [7].
These toxic metals often enter groundwater through
various pathways, including rainfall, agricultural runoff,

sewage discharge, industrial waste, and the use of

Life on Earth fundamentally depends on water, a finite
and vital resource essential for survival. Groundwater
and surface water are intricately interdependent, forming

a critical hydrological system that sustains ecosystems
and human activities [1]. Groundwater is particularly
important as it provides water for drinking, agriculture,
and industry, serving over half of the global population
and accounting for approximately 13-30% of the world's
freshwater resources [2-3]. Access to clean groundwater
is crucial for sustainable development, food security, and
public health [4-6].

To protect these groundwater resources, it is imperative
to test and analyze the chemical composition of
groundwater periodically. Such chemical assessments
are necessary to identify hazardous substances, including
heavy metals, and evaluate overall water quality. Heavy
metals can infiltrate groundwater and surface water,
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pesticides [8].

Heavy metals like lead, mercury, arsenic, and cadmium
are particularly concerning due to their toxicity,
environmental  persistence, and  potential  for
bioaccumulation in humans, animals, and plants. Even
trace amounts of these metals can lead to severe health
consequences, including cancer, cognitive impairments,

and organ damage, as noted by [9]. While trace levels of
certain metals are necessary for biological functions,
excessive exposure can pose risks to health [10].

Given the significant risks associated with groundwater
contamination, numerous studies emphasize the urgent
need for the rigorous monitoring of water quality,
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especially when used for drinking purposes [11,12].
Contamination often stems from human activities such as
industrial ~ expansion, urban development, and
agricultural practices, which can introduce pollutants that
disrupt the natural balance of groundwater systems and
compromise water quality. This underscores the
importance of proactive measures to safeguard
groundwater resources, ensuring their availability for
future generations.

As the challenges of groundwater contamination
continue to escalate, there is an increasing global
awareness of the urgent need to address this issue,
particularly regarding heavy metals. The detrimental
effects of heavy metal pollution on public health and the
environment necessitate sustained monitoring and
proactive measures to mitigate pollution sources [13].
Recognizing the significance of these challenges, the
present study aims to comprehensively evaluate the
heavy metal pollution indices and assess groundwater
quality using the entropy method. Additionally, this
research seeks to identify correlations among various
groundwater parameters, thereby providing valuable
insights into the interactions and potential sources of
contamination. Through enhancing our understanding of
these dynamics, we can better inform strategies for
effective groundwater management and pollution
prevention.

2. Methods
2.1 The Study Area

Basilan Province, as illustrated in Figure 1, encompasses
an area of 137,900 hectares. It is geographically situated
between latitudes 6°16°48” and 6°45°56” North, and
longitudes 121°26°00” and 122°24°38” East. The
province comprises two component cities and 11
municipalities, totaling 255 villages. The landscape
features rolling hills, with flat terrain primarily along the
coastal regions. The dominant soil type in Basilan is
Bulaon clay, with some areas of Bancal clay loam.
Agriculture plays a significant role in the local economy,
with the majority of land cultivated with coconut, rubber,
and various fruit trees. The island experiences a Type Il
climate, characterized by less distinct seasons relatively
dry from November to April, followed by a wet season
for the remainder of the year [14]. The average annual
temperature is 26.6°C, with total annual precipitation
averaging 1,100 mm [14].
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Figure 1. Map of the study area
2.2 Test method

Table 1 presents the analytical methods employed to
assess various groundwater parameters, highlighting the
rigorous techniques used to ensure accurate and reliable
results. Parameters such as cadmium, copper, iron, zinc,
manganese, nickel, chromium, and lead were analyzed
using the 3030 F method for nitric acid-hydrochloric acid
digestion, followed by the 3111 B procedure utilizing
Direct Air-Acetylene Flame Atomic Absorption
Spectroscopy (AAS). This combination allows for the
effective extraction and quantification of these metals
from the groundwater samples.

In contrast, barium and arsenic concentrations were
determined using Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES), a method known for
its sensitivity and ability to detect low concentrations of
metals. This technique is particularly valuable for
elements like arsenic, which pose significant health risks
even at trace levels.

Mercury analysis was conducted using the cold vapor
AAS technique, which is specifically designed to
minimize interference from other elements and improve
detection limits for this highly toxic metal. Lead, on the
other hand, was analyzed through the combination of
3030 E nitric acid digestion and the 3111 B Direct Air-
Acetylene Flame AAS method, ensuring a thorough
assessment of its concentration in the groundwater.
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Table 1. Method of Analysis of Heavy Metals
Employed in the Study

Parameters

Units

Method of Analysis

Mercury

mg/L

Cold Vapor AAS

Arsenic

mg/L

ICP-OES

Cadmium

mg/L

3030 F. Nitric Acid-
Hydrochloric Acid
Digestion, 3111 B. Direct
Air-Acetylene Flame AAS

Copper

mg/L

3030 F. Nitric Acid-
Hydrochloric Acid
Digestion, 3111 B. Direct
Air-Acetylene Flame AAS

Iron

mg/L

3030 F. Nitric Acid-
Hydrochloric Acid
Digestion, 3111 B. Direct
Air-Acetylene Flame AAS

Zinc

mg/L

3030 F. Nitric Acid-
Hydrochloric Acid
Digestion, 3111 B. Direct
Air-Acetylene Flame AAS

Manganese

mg/L

3030 F. Nitric Acid-
Hydrochloric Acid
Digestion, 3111 B. Direct
Air-Acetylene Flame AAS

Nickel

mg/L

3030 F. Nitric Acid-
Hydrochloric Acid
Digestion, 3111 B. Direct
Air-Acetylene Flame AAS

Chromium

mg/L

3030 F. Nitric Acid-
Hydrochloric Acid
Digestion, 3111 B. Direct
Air-Acetylene Flame AAS

Lead

mg/L

3030 E. Nitric Acid
Digestion, 3111 B. Direct
Air-Acetylene Flame AAS

Barium

mg/L

ICP-OES
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2.3 Heavy Metal Pollution Indices
2.3.1 Risk calculation of heavy metal pollution

There were two types of risk assessment methods of trace
heavy metal pollution degree used to assess the heavy
metal pollution in the groundwater in the study area,
which is shown below:

2.3.1.1 Single-Factor Pollution Index (i)

The Single-factor pollution index (li) evaluates how a
single heavy metal pollutes groundwater at a sampling
well. The [15] was used to evaluate the parameters.
When li is >1, the content of that heavy metal exceeds
the standard [16]. This single-factor index was assessed
using this equation.

. Ci
Ii==
St

The Ci measured the content of contaminant li in
groundwater water (mg/L) and the Si standard of
pollutant i in groundwater (mg/L).

2.3.1.2 Compound pollution index (CPI)

The Compound Pollution Index (CPI) assessed the levels
of heavy trace metal pollution in water. A CPI value of
less than 1 indicates no heavy metal contamination in the
water samples, while a CPI value of 1 or greater signifies
the presence of heavy metal contamination [16]. The CPI
is calculated using the following equation:

Ii
CPI=XY",—
=1,

The li is a single-factor index of heavy metal, and m is
the number of heavy metal types.

2.3.1.3 The degree of contamination (Cd)

The degree of contamination (Cd) is adopted from [17]
and is calculated using the following equation. This
parameter is essential for assessing the cumulative
impact of various contaminants in groundwater,
providing a comprehensive measure of overall water
quality and potential risks.

Cd =Y, Cfi

Ci=_q

CN1

The Cfi is the contamination factor for each heavy metal
in a particular groundwater sample, and Cai is the
analytical concentration of a specific heavy metal.
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Cni is the permissible concentration limit for the heavy
metal or the maximum allowed concentration (MAC)

2.3.1.4 Heavy Metal Pollution Index (HPI)

The Heavy Trace Metal Pollution Index (HPI) model
assesses water quality by assigning weights (Wi) to
various parameters. Each parameter is rated on a scale
from O to 1, reflecting its impact on overall water quality,
with the rating inversely proportional to the
recommended standard (Si) for that parameter [18,19].
Concentration  limits, including the maximum
permissible value for drinking water (Si) and the
maximum desirable value (li), are based on [15]. An HPI
value below 100 indicates non-contaminated water,
while a value above 100 signifies contamination by
heavy metals. The HPI utilizes these ratings to compute
an overall score, as described in the equation below.

_ Ziz, Wioi
=y Wi

HPI

The Wi is the unit weight, and Qi is the sub-index of the
ith parameter.

) K
VVIZ—_
Si

1
K=—"1
S
The K is the proportionality constant, and Si is the
standard permissible limit in water for the ith parameter

o IMi—Ii|

=1 (si-10) x100

Qi=

The Mi is the monitored value of the ith parameter, li is
the ideal value of the ith parameter, and Si is the standard
value of the ith parameter.

2.4 Groundwater quality

The Water Quality Index (WQI) is an effective method
widely employed to assess groundwater quality for
drinking purposes, taking into account hydro-
geochemical parameters and heavy metal pollution [20].
In addition, some researchers have utilized the Entropy
Water Quality Index (EWQI) to evaluate groundwater
quality [21-23]. The EWQI is an innovative tool that
analyzes multivariable water quality data against user-
defined standards, allowing for a comprehensive
assessment of water quality [23], as outlined by [24-28].

The first is to construct the performance matrix. The
initial matrix x compiles the chemical analysis data for m
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monitored wells (1, 2,...,m) used to evaluate water
quality. Each well contains n-measured parameters (1,
2,...,n). The matrix x is structured as follows:

Xu X1z X3 Xin
Xa1 X2z X3 Xon
Kmi Kmz Xms Ximn

Secondly, normalization of the performance matrix is
crucial for minimizing errors arising from differing units
of measurement across various parameters and their
quantities [29]. To achieve this. The normalized matrix
xij value is divided by the sum of the values in its
respective column:

Xij

V=5 X

Thirdly, the entropy value. The entropy for the jth
measured parameter is determined using the following
formula [30]

1 . ..
4== ow 1 VijLn(Vij)
where zj represents the entropy value of the jth
parameter, and fourth is to calculate the objective
weights for each parameter using the following formula:

1-zj
Zi=1 1-zj

where Wj is the weight for the jth parameter. Another
quality scaling factor, according to [31], is:

=1

The gj represents the quality rating for the jth water
parameter, Vj is the measured value of the jth parameter,
Sj is the standard permissible value for that parameter as
set by WHO [15], and Vid is the ideal value for the jth
parameter in pure water.

Vj-vid
sj-vid

] x100

The overall water quality index can be estimated by
combining the quality scaling factor for the jth parameter
with the corresponding unit entropy weight, as described
in the formula. Furthermore, Table 2 presents the range
of values obtained from these computations, including
the classification of water types.
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EWQI =Y, Wjxqj

Table 2. Classification of groundwater quality according
to the entropy-weighted groundwater quality index
(EWQI) range

Range Values Type of Water

<50 Excellent Water
50-99.99 Good Water
100-199.99 Poor Water

200-299.99 Very poor

>300 Unsuitable for drinking

3. Results and Discussion
3.1 Single-factor and Compound pollution indices

The single-factor pollution index evaluation, presented in
Table 3, reveals a generally positive assessment of
groundwater quality across the studied areas. Parameters
such as mercury, cadmium, iron, copper, zinc,
manganese, nickel, chromium, lead, and barium were all
found to have values of one (1) or less. This indicates that
these parameters are within acceptable limits,
demonstrating compliance with established safety
standards in all sampling wells examined.

However, iron levels showed localized exceedances in
wells SW4, SW1, and SW3, which are situated in Akbar,
Lantawan, and Lamitan, respectively. These exceedances
highlight the need for targeted monitoring and potential
remediation efforts.

In contrast, arsenic levels were slightly elevated, with a
consistent value of 5.00 recorded across all sampling
wells in the municipalities of Tuburan, Akbar, Tipo-Tipo,
Al-Barka, Maluso, Lantawan, and Ungkaya Pukan. This
widespread presence of arsenic poses significant health
risks and underscores the urgency of addressing this
contamination issue.

Despite these concerns, the compound pollution index
indicates that the overall groundwater quality remains
safe for drinking, with values below 1 across all sampling
locations. This finding is reassuring; however, it also
emphasizes the necessity for ongoing monitoring to
ensure that localized issues, particularly with iron and
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arsenic, do not compromise public health or the integrity
of this vital water resource.

Table 3. Single and compound factors of groundwater
parameters

Mun [SW| Hg | As | Cd | Cu| Fe | Zn |Mn| Ni | Cr | Pb | Ba | CPI
0.17 | 5,00 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01| 0.74
0.17 | 5.00 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01| 0.74
0.17 | 5.00 | 0.67 | 0.01 | 0.40 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01| 0.77
0.17 | 5.00 | 0.67 | 0.01 | 0.06 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.74
0.17 | 5.00 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.74
0.17 | 5,00 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01| 0.74
0.17 | 5.00 | 0.67 | 0.01 | 0.20 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.75
0.17 | 5.00 | 0.67 | 0.01 | 2.20 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.94
0.17 | 5.00 | 0.67 | 0.02 { 0.06 [ 0.20 | 0.08 | 0.14 | 0.60 | 1.00 | 0.01 | 0.72
0.17 | 5.00 | 0.67 | 0.02 | 0.06 | 0.20 | 0.08 | 0.14 | 0.60 | 1.00 | 0.01 | 0.72
0.17 | 5,00 | 0.67 | 0.02 | 0.06 | 0.20 | 0.08 | 0.14 | 0.60 | 1.00 | 0.01 | 0.72
0.17 | 5.00 | 0.67 | 0.02 | 0.06 | 0.20 | 0.08 | 0.14 | 0.60 | 1.00 | 0.01 | 0.72
0.17 | 5.00 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.74
0.17 | 5.00 | 0.67 | 0.01 | 0.20 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.75
0.17 | 5.00 | 0.67 | 0.01 | .00 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.83
0.17|5.00 | 0.67 | 0.01 | 0.16 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01| 0.75
0.17 | 5.00 | 0.67 | 0.01 | 0.06 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.74
0.17 | 5.00 | 0.67 | 0.01 | 0.10 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.74
0.17|5.00 | 0.67 | 0.01 | 0.30 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.76
0.17|5.00 | 0.67 | 0.01 | 1.80 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.90
0.17|5.00 | 0.67 | 0.01 | 0.20 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01| 0.75
0.17 | 5.00 | 0.67 | 0.01 | 0.06 [ 0.40 | 0.25 | 0.14 | 0.60 | 1.00 | 0.01 | 0.76
0.17 | 5.00 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.74
0.17 | 5,00 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01| 0.74
0.17 | 5.00 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.74
0.17 | 5.00 | 0.67 | 0.01 | 1.00 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.83
0.17 | 1.00 | 0.67 | 0.01 | 0.12 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.38
0.17 | 1.00 | 0.67 | 0.01 | 0.20 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.39
0.17 | 1.00 | 0.67 | 0.01 | 0.40 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 041
0.17 | 1.00 | 0.67 | 0.01 | 0.16 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 |0.01 | 0.39
0.7 | 1.00 | 0.67 | 0.01 | 0.10 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.38
0.17|0.50 | 0.67 | 0.01 | 0.80 [ 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.40
017/ 0.50 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01| 033
0.17/0.50 | 0.67 | 0.01 | .00 | 0.40 | 0.10 | 0.29 | 0.60 | 1.00 | 0.01 | 043
0.17 |1 0.50 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.03 | 0.33
0.17 | 0.50 | 0.67 | 0.01 | 0.06 | 0.40 | 0.25 | 0.14 | 0.60 | 1.00 | 0.06 | 0.35
017/ 0.50 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.14 | 0.60 | 1.00 | 0.01 | 0.33
017/ 0.50 | 0.67 | 0.01 | 1.60 [ 0.40 | 0.10 | 0.29 | 0.60 | 1.00 | 0.01 | 0.48
017/ 0.50 | 0.67 | 0.01 | 0.06 | 0.40 | 0.10 | 0.43 | 0.60 | 1.00 | 0.01 | 0.36
0.17 | 0.50 | 0.67 | 0.01 | 0.06 [ 0.40 | 0.10 | 0.71 | 0.60 | 1.00 | 1.00 | 0.47

Tuburan

Akbar

Tipo-
Tipo

Al-Barka

Maluso

Lantawan

Ungkaya
Pukan

Sumisip

Moh.
Ajul

Lamitan

(SN RPN S BN ROCY IO [T (S, § N IFOCY IO [T [FOUS T ) IS I SN ICY IS P I INOCY I CY TN SUY I I BN IEOUY () I I IROCY ) I N RSO Y

3.2 Degree of Contamination and Heavy Metal
Pollution Index (HPI)

Table 4 reveals that the overall degree of contamination
indicates that groundwater throughout the province of
Basilan is predominantly pure and free from significant
contamination. This assessment suggests that the water
quality in most areas is suitable for consumption and
supports the health of the local ecosystem.

However, using the Heavy Metal Pollution Index (HPI).
The groundwater in the municipalities of Tuburan,
Akbar, Tipo-Tipo, Al-Barka, Maluso, Lantawan, and
Ungkaya Pukan exhibits slight contamination with HPI
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values exceeding 100, indicating a level of concern that
warrants attention. These elevated HPI values suggest
the presence of heavy metals, which could pose health
risks if not properly managed.

In contrast, the groundwater in Sumisip, Moh. Ajul and
Lamitan City present a more favorable condition, with
HPI values below 1, indicating that the groundwater from
these areas is free from contamination. This variation
highlights the importance of targeted monitoring and
intervention strategies, particularly in areas experiencing
high heavy metal concentrations.

Table 4. Degree of Contamination and Heavy Metal
Pollution Index (HPI) Values

Mun S Long Lat HPI Cd
W
1 122.189 | 6.6173 | 1149 | -
2 3 4 2.85
2 122.191 | 6.6101 | 1149 | -
6 3 5 2.85
Tuburan
3 122.188 | 6.6150 | 115.0 | -
9 4 4 2.51
4 122.200 | 6.6117 | 1149 | -
9 6 5 2.85
1 122.195 | 6.6657 | 1149 | -
1 9 5 2.85
2 122.185 | 6.6649 | 1149 | -
1 2 5 2.85
Akbar
3 122.183 | 6.6498 | 1149 | -
1 6 8 2.71
4 122.183 | 6.6224 | 1155 | -
5 5 1 0.71
1 122.124 | 6.5131 | 1149 | -
1 8 4 3.06
2 122.200 | 6.5349 | 1149 | -
Tipo- 7 1 4 3.06
Tipo 3 [ 122.155 | 6.5580 | 114.9 | -
4 1 4 3.06
4 122.174 | 6.5750 | 1149 | -
2 3 4 3.06
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122.150 | 6.4973 | 1149 | -

6 1 5 2.85

122.149 | 6.4742 | 1149 | -
Al-Barka 9 2 571

122.133 | 6.4601 | 115.2 | -

3 6 0 1.91

121.891 | 6.5588 | 114.9 | -

1 9 7 2.75

121.889 | 6.5192 | 1149 | -

8 9 5 2.84
Maluso

121.914 | 6.5070 | 114.9 | -

6 8 6 2.81

121.913 | 6.4863 | 115.0 | -

4 2 1 2.61

121.927 | 6.5968 | 1154 | -1.11

1 2 1

121.855 | 6.6037 | 1149 | -

8 5 9 2.70
Lantawan

121.840 | 6.6362 | 115.0 | -

7 3 0 2.69

121.876 | 6.6466 | 1149 | -

9 3 5 2.84

122.106 | 6.4600 | 114.9 | -

5 4 5 2.85
Ungkaya 122.117 | 6.4912 | 1149 | -
Pukan 1 6 5 2.85

122.126 | 6.5214 | 115.1 | -

5 7 9 1.91

122.053 | 6.4459 | 62.38 | -

6 1 6.79

122.029 | 6.4349 | 62.40 | -

7 4 6.71
Sumisi 122.009 | 6.4270 | 62.46 | -
Hmsip 1 5 6.51

121.977 | 6.4319 | 62.39 | -

5 7 6.75

121.955 | 6.4495 | 62.38 | -

2 6 6.80
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1 [ 122254 | 6.6467 | 55.99 | -
8 5 6.61
2 | 122256 | 6.6457 | 55.79 | -
Moh. 9 5 7.35
Ajul 3 [ 122.266 | 6.6406 | 56.31 | -
6 5 6.27
4 [122270 | 6.6407 | 55.80 | -
4 7 7.33
1 | 122.035 | 6.6955 | 55.85 | -
5 7.15
2 | 122062 | 6.6771 | 55.79 | -
7 7 7.35
Lamian | 3| 122078 1 6.6972 [ 56.47 | -
6 5.67
4 | 122121 | 6.6498 | 56.33 | -
5 6 7.07
5 | 122.146 | 6.6617 | 57.05 | -
1 6 5.79

3.3 Entropy Water Quality Index (EWQI)

Table 5 provides the minimum and maximum values of
the analyzed groundwater parameters from mainland
Basilan, along with the mean and weight values for each
parameter. This comprehensive analysis highlights the
variability in groundwater quality across all the study
areas.

This illustrates that the computed Overall Water Quality
Index (EWQI) (Table 6) values are all below 100,
indicating that the groundwater in the province of Basilan
is classified as pure and of excellent quality. This
suggests that the groundwater is safe for consumption
and meets the necessary health and environmental safety.
The findings underscore the importance of ongoing
monitoring to maintain the quality of this vital resource.

Table 5. Minimum, Maximum, and Weight of each

Groundwater Parameter.
Chem | Min | Max | Mean | WHO Wj
Hg 0.001 | 0.001 | 0.001 | 0.006 0.0041
As 0.005 | 0.05 | 0.035 | 0.01 0.0674

1497

Cd 0.002 | 0.002 | 0.002 | 0.003 0.0041
Cu 0.01 |0.04 |0.013]2 0.0494
Fe 0.03 | 1.1 0.165 | 0.5 0.2304
Zn 0.01 |0.02 |0.019 | 0.01 - | 0.0082
0.05
Mn 0.03 |0.1 0.042 | 0.4 0.0151
Ni 0.01 | 0.05 |0.012 | 0.07 0.0351
Cr 0.03 | 0.03 | 0.030 | 0.05 0.0041
Pb 0.01 | 0.01 |0.010 | 0.01 0.0041
Ba 0.005 | 0.7 0.025 | 0.7 0.5780

Table 6. Entropy Water Quality Index and Type of
Water of each Sampling Well in all Municipalities

EWQI
Mun SW Values Type of Water
1 32.45 Excellent Water
Tuburan
2 32.7 Excellent Water
3 32.26 Excellent Water
4 32.7 Excellent Water
1 32.7 Excellent Water
Akbar
2 32.7 Excellent Water
3 32.42 Excellent Water
4 33.75 Excellent Water
Tipo- 1 30.3 Excellent Water
Tipo 2 30.3 Excellent Water
3 30.3 Excellent Water
4 30.3 Excellent Water
1 32.7 Excellent Water
Al-Barka
2 32.42 Excellent Water
3 32.33 Excellent Water
Maluso 1 32.48 Excellent Water
2 32.3 Excellent Water
3 32.51 Excellent Water
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4 32.14 Excellent Water
1 32.93 Excellent Water
Lantawan
2 32.01 Excellent Water
3 31.18 Excellent Water
4 32.3 Excellent Water
Ungkaya 1 32.7 Excellent Water
Pukan 2 32.7 Excellent Water
3 32.43 Excellent Water
1 17.31 Excellent Water
Sumisip
2 17.42 Excellent Water
3 17.64 Excellent Water
4 17.36 Excellent Water
5 171 Excellent Water
Moh. 1 16.8 Excellent Water
Ajul 2 15.14 Excellent Water
3 17.2 Excellent Water
4 14.84 Excellent Water
1 13.83 Excellent Water
Lamitan
2 15.24 Excellent Water
3 18.62 Excellent Water
4 15.54 Excellent Water
5 16.97 Excellent Water

3.4 Correlation

There are positive correlations (Table 7) between
mercury and cadmium with chromium and lead. This
suggests that as the levels of mercury and cadmium
increase, so do the levels of chromium and lead. Such
correlations may imply a potential shared source of
contamination or similar contact route, highlighting the
importance of monitoring these heavy metals in
environmental and health studies. Further investigation
is warranted to understand the underlying mechanisms
and implications of these correlations.
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Table 7. Correlation Among the Listed Groundwater

Parameters
Chem| Hg | As | Cd|Cu| Fe| Zn | M| Ni| C | Pb
Hp | 1
As | -E16| 1
Gl 1 |-El6| 1

Cu | 6IE-16| 02027 | 6E-16| 1
Fe | 36E-LT | 00205 | 41710188 1
In | 315 | 024 | 3ELS 0985 | 0174 | 1
Mn | LOE-15 | 01322 | 2615 0174| 008 | 0293 | 1
Ni [36E-16| -0405 |4E-16|-0101 0022 | 0083 | 0041 | 1
Cr| 1 |-E16| 1 |6E16) 4617 |3EL5 | 2E16 | 416 | 1
| 1 |-EI6| L 6B &L EDL|EL EL 1 |1
Ba | 34E-17 | -0.2463 | 3EL7|-0056 | -009 | 0061 | 00139 | 08477 | 317 | N7

4. Conclusion

In conclusion, evaluating groundwater quality in Basilan
reveals mixed results. Most parameters, including
mercury, cadmium, and others, fall within acceptable
limits, but iron levels exceeded standards in specific
wells, and arsenic levels were alarmingly high at 5.00,
posing significant health risks.

While the compound pollution index indicates that
overall groundwater is safe for drinking, slight
contamination is noted in several municipalities, with
Sumisip, Moh. Ajul and Lamitan City remain
uncontaminated. The Excellent Water Quality Index
(EWQI) supports that groundwater is generally pure and
suitable for consumption, but ongoing monitoring is
crucial. Additionally, the observed correlations between
mercury, cadmium, chromium, and lead necessitate
further investigation into contamination sources. These
findings emphasize the importance of proactive
measures to ensure water quality and public health.
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