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ABSTRACT:

Groundwater remains a vital water source in rural and island communities across the Philippines, particularly
in the municipality of Lantawan, Basilan, where access to piped water is limited. This study assessed the
potability of groundwater in the area through a multivariate evaluation of key water quality parameters,
including physicochemical properties, heavy metal concentrations, and bacteriological content, in comparison
with standards from the World Health Organization (WHO) and the Philippine National Standards for Drinking
Water (PNSDW)

Water samples were collected from four sites across the municipality and analyzed for pH, total dissolved
solids (TDS), electrical conductivity (EC), nitrate, sulfate, fluoride, and major ions such as sodium, potassium,
and calcium. Results showed that all physicochemical parameters were within acceptable limits, except for
pH, which ranged from 5.48 to 6.89, indicating mildly acidic conditions in some areas. Heavy metals—
including mercury, arsenic, lead, cadmium, and chromium- were all below their respective health-based
thresholds, suggesting minimal geogenic or anthropogenic contamination.

However, the bacteriological analysis revealed a serious concern: both fecal and total coliform bacteria
exceeded the allowable limits of <1.1 MPN/100mL. This indicates the presence of microbial contamination
from human or animal waste and poses a significant public health risk if the water is consumed untreated.

In conclusion, while the groundwater in Lantawan is generally safe in terms of its chemical and heavy metal
profile, it is not microbiologically safe for direct human consumption. The findings highlight the urgent need
for water disinfection, improved sanitation infrastructure, and regular water quality monitoring.

1. Introduction

Groundwater is a natural resource in many rural and
island communities. In the Philippines, where over 7,600
islands make up the national landscape, groundwater
provides drinking water for more than 50% of the
population and serves as a critical source for irrigation,
sanitation, and small-scale industry [1-2]. In areas like
Lantawan Municipality, Basilan, where piped water
infrastructure is limited, communities depend almost
exclusively on wells and springs to meet their daily water
needs.
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However, the quality of groundwater is increasingly
under threat. As population growth, land use change, and
environmental degradation persist, so too does the risk of
contamination from both natural and anthropogenic
sources [3-4]. Pathogens from improper sanitation,
fertilizers and pesticides from agriculture, and trace
heavy metals from geogenic and human activities can all
compromise the safety of groundwater [5-6]. These
pollutants can cause chronic and acute health problems,
including waterborne diseases, developmental disorders,
and even cancer when exposure is prolonged [7-8].
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To accurately assess groundwater safety, a multivariate
evaluation of key water quality parameters is essential.
This approach goes beyond single-variable testing by
integrating a range of physicochemical, bacteriological,
and heavy metal indicators, all of which contribute
uniquely to the water's overall potability [9-10] Such
holistic assessments are especially important in coastal
areas like Lantawan, where saltwater intrusion,
fluctuating tides, and seasonal changes can affect
groundwater composition [11-12]. Ultimately, this
research seeks not only to measure contaminants but to
amplify local awareness, empower communities to act,
and support evidence-based water governance in one of

the country’s most vulnerable yet overlooked regions.
2. Objectives

The study generally aims to assess the overall potability
of groundwater in Lantawan Municipality, Basilan, by
evaluating its physicochemical, bacteriological, and
heavy metal parameters using a multivariate approach
and comparing results with WHO and PNSDW standards
and specifically.

1. To analyze the physicochemical properties of
groundwater samples from different parts of
Lantawan, such as pH, electrical conductivity
(EC), total dissolved solids (TDS), Cl-, SO+*,
NOs, Na*, Ca?*, K, CO3%", and HCOs™.

2. To evaluate the presence of microbial
contaminants, specifically fecal and total
coliforms, to determine the biological safety of
groundwater sources.

3. To determine the concentration of heavy metals
such as Mercury (Hg), Arsenic (As), Cadmium
(Cd), Copper (Cu), Iron (Fe), Zinc (Zn),
Manganese (Mn), Nickel (Ni), Chromium (Cr),
Lead (Pb), Barium in groundwater and assess
their compliance with WHO and PNSDW
drinking water standards.

3. Methods
The Study Area

Lantawan Municipality is located in the western part of
Basilan Province, within the Bangsamoro Autonomous
Region in Muslim Mindanao (BARMM), Philippines, an
area of approximately 438.86 square kilometers.
Geographically, it lies between 6°33' to 6°43' North
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latitude and 121°45' to 121°58' East longitude, and serves
as home to a population largely dependent on agriculture,
fishing, and natural water sources for everyday survival.

This municipality experiences a tropical rainforest
climate, with high rainfall throughout the year and
average temperatures ranging from 26°C to 32°C [13].
The terrain is a mix of gently sloping hills and flatlands,
underlain by sedimentary and volcanic rock formations.

In the absence of a centralized water system, most
households in Lantawan depend on shallow wells, hand
pumps, and springs for their water needs. This makes
groundwater a vital lifeline.

Results

Table 1. Comparison of Analyzed Concentration of
Physico-Chemical with the WHO and PNSDW Standards
for the Groundwater of Lantawan Municipality

Sl | o
Parameter Chemical PN,SDW Status
Limit
content (m /L)
(mg/L) £
Electrical
Conductivity 229'4288_ - Acceptable
(EC) '
6.5 - SW1-SW3
pH >48-689 | g5 acidic
Total
Dissolved Within
Solids 16-37 | 1000 Timit
(TDS)

Chloride Within
() 3-79 250 limit
Sulfate Within
(SO% 10-11.1 250 -

Total
Alkalinity 23-42.6 - Acceptable
(TA)
Total .
Hardness | 16.4-109 | 500/300 ‘X‘ﬁn
(TH)
Nitrate Within
(NOS) 0.08-037 | 50 e
Fluoride (F) | 0.23-033 | 15 |y
imit
Potassium 0.1-2 - Acceptable
X
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. Within
Sodium (Na) | 2.9-5.9 200 limit
Magnesium 03-3.1 . Acceptable
(Mg)
Calcium 0.04-6.7 - Acceptable
(Ca)

Table 2. Comparison of Analyzed Concentration of
Heavy Metals with the WHO and PNSDW Standards for

the Groundwater of Lantawan Municipality

Range of WHO
Heavy PNSDW
Parameter Metal Standard Status
Content (mg/L)
(mg/L)
Mercury Within
(Heg) 0.001 0.006 limit
Arsenic Within
(As) 0.005 0.01 limit
Cadmium Within
(Cd) 0.002 0.003 limit
Copper Within
(Cu) 0.01 2.0 limit
Iron (Fe) | 0.03-01 | 0310 | Within
limit
Zinc (Zn) 0.02 5.0 Within
limit
Manganese Within
(Mn) 0.04-0.1 0.4 limit
Nickel Within
(Ni) 0.01 0.07 limit
Chromium Within
(Cr) 0.03 0.05 limit
Lead (Pb) 0.01 0.01 Within
limit
Barium Within
(Ba) 0.009 — 0.01 0.7 limit

Table 3. Comparison of Analyzed Concentration of
Heavy Metals with the WHO and PNSDW Standards for
the Groundwater of Lantawan Municipality.

Range of WHO
bacteriological | PNSDW
Parameter Content Standard | Status
(mg/L) (mg/L)

200

Fecal ~80_26
' : Not

Coliform <1.1 0 .

(F. Coli) MPN/100mL compliance

Total

CZl?form >8.0 <11 Not

(T. Coli) MPN/100m ’ compliance

Discussion

Physicochemical Analysis

Table 1 shows the results of several key water quality
parameters, comparing them with safety limits set by the
World Health Organization [1] and the Philippine
National Standards for Drinking Water [14](PNSDW,
2017). Most of the measured values fall well within
acceptable ranges, but a few aspects call for further
attention, particularly the pH levels.

Electrical Conductivity (EC) was very low, ranging from
20.48 to 49.28 puS/cm. This is a good sign, suggesting the
water is fresh and not affected by saltwater intrusion or
heavy pollution. This matches findings from other rural
areas in Southeast Asia, where groundwater is often
clean and low in dissolved salts [15-16]. However, pH
levels were a bit on the acidic side, ranging from 5.48 to
6.89. The recommended range is 6.5 to 8.5, so some of
the samples, especially from Sampling Wells 1 to 3, fell
below the minimum limit. While slightly acidic water is
not uncommon in areas with lots of rainfall or organic-
rich soils, it can be a concern because it may cause
plumbing corrosion and make certain metals like lead or
iron more likely to dissolve [17]. Similar acidic
groundwater has been reported in other parts of the
Philippines, often linked to natural geological processes
such as silicate weathering or carbon dioxide from soil
[18].

Total Dissolved Solids (TDS) were very low (16 to 37
mg/L), much lower than the 1000 mg/L limit. The water
is therefore considered “very fresh” and unlikely to cause
taste or health problems. Chloride and Sulfate levels
were also very low, between 3—7.9 mg/L and 10-11.1
mg/L, respectively, far below the threshold of 250 mg/L.
These results suggest that the water has not been affected
by seawater mixing or human wastewater, which is
consistent with similar rural aquifer findings in the
country [19].
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The hardness of the water, which is related to calcium
and magnesium content, ranged from soft to moderately
hard (16.4 to 109 mg/L), well within safety limits.
Likewise, nutrients like nitrate (0.08 to 0.37 mg/L) and
fluoride (0.23 to 0.33 mg/L) were very low and safe for
drinking. Elevated nitrate levels often indicate pollution
from fertilizers or sewage, so the low values here point
to a relatively clean environment [20].

Other minerals, such as sodium, potassium, magnesium,
and calcium, were all within safe or acceptable ranges,
indicating natural background levels. These minerals are
essential for human health in small quantities and add to
the nutritional profile of the water [21-22].

Heavy Metals Analysis

Table 2 presents the results of groundwater tests for
heavy metals in Lantawan Municipality. All the tested
metals were found at levels within the safe limits set by
the World Health Organization [1] and the Philippine
National Standards for Drinking Water [13].

Mercury (Hg) was found at 0.001 mg/L, much lower than
the 0.006 mg/L limit. Mercury is very toxic, even in
small amounts, and can affect the brain and kidneys [1].

Arsenic (As) was 0.005 mg/L, also below the safe limit
of 0.01 mg/L. Arsenic can cause cancer and other serious
health issues if consumed regularly over a long time [23].

Cadmium (Cd) came in at 0.002 mg/L, under the 0.003
mg/L limit. Cadmium is often linked to kidney problems
[24].

Lead (Pb) was right at the 0.01 mg/L limit. Lead is one
of the most harmful metals, especially for children’s
brain development [25]. Even though it’s still within the
safe range, being exactly at the limit suggests this should
be closely monitored in the future.

Iron (Fe) and Manganese (Mn) were found in small
amounts (0.03-0.1 mg/L and 0.04-0.1 mg/L,
respectively), well below the standards. These two
metals are common in groundwater and usually not
harmful at low levels, although they can sometimes cause
a metallic taste or staining in sinks.

Zinc (Zn) and Copper (Cu) were also present in very
small amounts (0.02 and 0.01 mg/L). These are essential
nutrients for the body, and the levels found here are both
safe and beneficial [26].
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Nickel (Ni) and Chromium (Cr) were below their limits,
too. High levels of these can cause allergic reactions or,
in some cases, cancer [27], but there’s no immediate risk
based on the current data.

Barium (Ba) at only 0.009 to 0.01 mg/L, lower than the
0.7 mg/L limit. At high levels, barium can affect the heart
and nervous system [28], but that’s not a concern here.

Bacteriological Analysis

Table 3, Fecal Coliform (F. coli) and Total Coliform (T.
coli) levels exceeded the allowable standards set by both
the World Health Organization [1]and the Philippine
National Standards for Drinking Water [13].

Fecal Coliform counts were reported as greater than 8.0
to 2.6 MPN/100mL, where the standard is <I.1
MPN/100mL.

Total Coliform levels were also greater than 8.0
MPN/100mL, again far exceeding the maximum
allowable value of <1.1 MPN/100mL.

This indicates non-compliance and suggests the presence
of fecal contamination, likely from human or animal
waste. According to [1], the presence of any coliform
bacteria in drinking water is unacceptable, as it may
signal the entry of pathogens such as E. coli, Salmonella,
Shigella, and other disease-causing organisms.

Conclusion

The study found that the groundwater in Lantawan
Municipality is mostly safe in terms of chemicals and
heavy metals. Important parameters such as nitrate, lead,
arsenic, and total dissolved solids were all within the safe
limits set by the World Health Organization (WHO) and
Philippine standards. This means that, overall, the water
does not appear to be polluted by industrial waste,
farming chemicals, or other harmful substances.
However, there is one major concern: the bacteriological
quality of the water. Tests showed that both fecal and
total coliform bacteria were found in levels far above
what is considered safe. These bacteria from human or
animal waste, and as an indicator that the water could
carry diseases like diarrhea, typhoid, or hepatitis if
consumed untreated.
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