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Abstract:Water is an essential element that sustains life on this planet, yet it is threatened by human
activities. With little attention paid to the waterfall as a source of a domestic water supply and a
tourist spot for recreation, this study was designed to investigate one of the waterfalls in Iligan City,
Philippines: Dodiongan Falls. The location of the study is a neighborhood of the city garbage
dumpsite that due to an uncontrollable situation, releases dark-colored secretion from the treatment
box as has been verified by the residents in the area; this posed a threat to their food security and
livelihood. Assessing the physicochemical parameters, heavy metal concentration and Escherichia
coli counts is very crucial in interpreting its water quality. All parameters such as the pH, alkalinity,
turbidity, lead (Pb), mercury (Hg), and the E. Coli test were done following the standard procedures.
The results revealed that the pH, alkalinity, turbidity, total lead (less than 0.01 mg/L) and total
mercury concentration (less than 0.001 mg/L) at the three sites were in conformity with the
guidelines of the World Health Organization and Philippine national water quality standards.
However, the E. Coli count has increased downstream from 220 to 1,600 MPN per 100 ml, which
exceeded the standard limit. With these findings, it is paramount that the creation of a management
plan be initiated as soon as possible by the different governmental agencies in order to bring back the
life of Dodiongan Falls.
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1. Introduction

Water plays a vital role in maintaining life [1]. Its importance is underscored by the fact that
many great civilizations in the past sprang up along or near water bodies. Humans have relied very
much on water as a water resource for domestic and commercial purposes [2]. One of the bodies of
water that should be considered a water resource is the waterfall. Most studies tend to focus more on
the water quality assessment of the rivers and lakes but there is no study that assesses the water
quality of a waterfall [3].

Waterfalls, most of which are formed from different tributaries that cascade [4] from a high
elevation over a cliff or rock, have received very little attention from researchers all over the
world [5]. In Africa, the researchers abstain from studying the waterfalls because waterfalls for them
are sacred. They even named these after the deities and gods associated with these waterfalls and
treated them as their venue for worshiping and contemplating [6]. Knowledge of the waterfall
systems in Africa is therefore limited in terms of the study of water [7] and its geological features
because the natural monuments can serve as revenue generation which boosts the nation’s
ecotourism [8]

Improving and developing water resources promotes the socioeconomic of different nations
around the globe. Because of human activities, the water resource is threatened by pollution and
irresponsible actions by humans [9]. In developing countries, clean water is scarce because of
environmental pollution and degradation. In California, different studies have been conducted to
obtain information on the occurrence of emerging contaminants in the water environment [10]. The
numerous emerging contaminants propagated in an aquatic environment continue to grow rapidly in
an uncontrolled manner [11]. This is perilous mainly because of the potential risks [12] to human
health and the environment [13].

The proliferation of water pollution around the globe is a prevalent issue that gained the
attention of public health administrations [14]. Drinking water is especially polluted in
underdeveloped countries. According to Echoing Sustainability in Mena (EcoMENA) (2020), around
3.2 million children die annually because of poor quality water, poor sanitation and polluted drinking
water while there is also a limited number of wastewater treatment facilities. Contaminated water due
to industrial waste is the cause of numerous diseases such as diarrhea, intestinal worms and even
cholera. The industrial waste that contaminated the water threatened the perception of risk [15]. The
acceptability and judgment of the community’s environmental health risk perception, especially if
the water resource is near a garbage dumpsite play an integral role in understanding the possible
repercussions and consequences [16,17]. Thus, this will pave the way for people to not trust the
drinking water as potable and safe.

The residents of Barangay Bonbonon and Digkilaan feel that their livelihood and food
security [7,18] are threatened by landfill leachate that has contaminated Dodiongan Falls. A
documentary film and empirical evidence vividly showed and explicitly explained the critical
condition of Dodiongan Falls due to the garbage dumpsite releasing an overflowing dark-colored
secretion from the treatment box to the water resource (waterfall) down to every resident in the
neighboring places where the lives are susceptible to any kind of diseases.

This study was designed to assess the water quality of Dodiongan Falls in Barangay Bonbonon,
Iligan City, Philippines. Investigating and determining the physicochemical and microbiological
parameters of this waterfall is crucial for interpreting its water quality. The findings of this study
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could serve as baseline data that could help the Department of Education (DepEd), city tourism’s
office, city health office (CHO), local governmental units (LGUs) and other related agencies to
create management plans for the site to avoid serious health hazards.

2. Materials and methods

2.1. Study area and sampling stations

The study area was Dodiongan Waterfalls in Kabacsanan-Bonbonon, Iligan City, which is a
province of Lanao del Norte, Philippines with coordinates of +8° 16' 20.53", +124° 18' 48.77".
Dodiongan Falls is a 20-meter (65.5 ft) high waterfall. The climate is a tropical hinterland type, with
wet (June–October) and dry (November–May) seasons. The average annual temperature in the area
is 27.0 °C. The precipitation averages reach 3180 mm. The driest month is April with 80 mm of
precipitation. The greatest amount of precipitation occurs in October, with an average of 780 mm.
With an average of 27.8 °C, May is the warmest month of the year. The lowest average temperature
in the year occurs in January when it is around 26.1 °C. Unlike other waterfalls in Iligan City that are
bedded in different rivers, the water source of Dodiongan Falls is a product of several underground
springs that flows to the top via various tributaries [19].

The Philippines is a developing country with abundant water resources, yet, it is coupled with
different environmental issues. One of the cities in the Philippines is known as the City of Waterfalls
in Iligan City because of its numerous waterfalls with distinct beauty and an exquisite scenery. There
are 44 known waterfalls in this city and one of those is identified as a chute waterfall named the
Dodiongan Falls of Bonbonon. However, the location of this waterfall is a neighborhood of a city
garbage dumpsite [20] called the Central Material Recovery and Composting Facilities (CMRCF). It
was observed by the residents in Bonbonon that the waterfalls had turned sour and smell stinky. It
was also observed by the teachers of Sultan Mamarinta Panandigan Integrated School -a neighboring
school- that the learners living in Dodoiongan were having absenteeism issues. This observation
urged the researcher to probe the reasons behind the pollution of the water [21] and the learners’
habitual absences.

The study area was divided into three distinct stations. The three sampling sites were designated
as D1 (upstream), D2 (midstream) and D3 (downstream). The first station was located where the
various tributaries sprung over. At that site, a little nipa house was installed on one of the rock
formations where residents observed that there were people living in that area who were mining for
gold. The second station was like a man-made pool. Visitors usually have a hard time reaching this
area because though this is above the waterfalls, the path to get there is very dangerous. One would
have to use mountain climbing gear such as climbing ropes, carabiner and a climbing harness for
your safety. The third station was at the waterfalls where most of the visitors engage in recreational
activities.



AIMS Environmental Science Volume 9, Issue 4, 526–537.

529

Figure 1. Study site (Dodiongan Waterfalls) in Bonbonon, Iligan City, Philippines.

Figure 2.Map location of Dodiongan Falls, Iligan City in the Philippines.
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Figure 3. Distance between the Central Material Recovery and Composting Facilities
(CMRCF) to Dodiongan Falls.

2.1.1. Collection of water samples

Water samples were collected in triplicates last February 2018 by using the standard operating
procedure (SOP) in collecting the water sample indicated in the World Health Organization
(WHO) [22]. The samples were stored in sterile 250 ml polyethylene bottles, sealed, labeled, stored
in a cooler container and then, transported to the laboratory for analyses. The physicochemical and
heavy metal parameters such as the pH, alkalinity, turbidity, mercury, and lead concentrations were
determined in the FAST Laboratory in Cagayan De Oro City.

2.1.2. Physicochemical measurements

The physicochemical parameters such as the pH, total alkalinity and turbidity were determined
in situ or in the laboratory. A EUTECH Instruments pH 510 model was used to measure the pH
through [22] 4500+ B electrometric method. Alkalinity was determined using the 2320 B titration
method. An acid of known strength (the titrant) added to a volume of a treated sample of water. The
amount of acid required to change the water sample to a specific pH level shows the alkalinity of the
sample. The pH endpoint is indicated by a color change.

Alkalinity was gauged in units of milligrams per liter (mg/L) of CaCO3.Turbidity was assayed
by applying the nephelometric method using a Fast Tracker Turbidimeter HI98703 model.

2.1.3. Determination of E. coli

Schardinger [28] introduced E. coli as an indicator of fecal contamination. This was based on
the idea that E. coli is found in the human gastrointestinal tract and that animal feces and is not
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typically found in other niches. In addition, since E. coli can be simply identified by its capacity to
ferment glucose it was easier to isolate them. Thus, the presence of E. coli in water or food became
an indicator of recent fecal contamination and the potential presence of any pathogens.

E. Coli examination was done following the standard methods of the Bacteriological Analytical
Manual [28]. The 5-tube Most Probable Number (MPN) [28] test was used to determine the presence
of fecal coliforms in the water samples. This method is a multi-step, statistical assay consisting of
presumptive, confirmed and completed phases. For the fecal assessment, serial dilutions of each
sample were placed in broth media.

For the presumptive test, serial dilutions (10 ml; 1 ml; 0.1 ml) of a water sample were
inoculated into five large lactose broth tubes and inverted Durham tubes. The tubes were incubated at
370 °C for 48 hours. The presence of gas bubbles in the Durham tube is an indicator of positive
coliforms. For the confirmatory test, all tubes that tested positive for coliforms were inoculated in
brilliant green lactose bile broth inverted in Durham tubes. Following incubation, the samples that
displayed positive results for the confirmatory test were streaked in agar plates containing eosin
methylene blue (EMB) for the completion test. The plates were incubated at 370 °C for 48 hours. To
determine the MPN of fecal coliforms, an MPN table was utilized based on the number of positive
tubes.

2.1.4. Heavy metals

To assess the levels of the heavy metals, water samples, each amounting to 6.0 liters from each
of the three sites of the waterfalls were collected and placed in sterile polythene containers that have
been pre-washed and sterilized. The samples were chilled and brought to the laboratory at a
temperature of 4 C. It was then directly analyzed to within ±1.0 nm accuracy using an atomic
absorption spectrophotometer (AAS) 7000 model. For each heavy metal, a specific concentration
standard was applied to prepare a calibration curve that allowed the concentration of the heavy metal
to be read directly from the AAS visual display unit (VDU) system. The lead was tested in
accordance with 3030 E nitric acid digestion and 3111 B direct air-acetylene flame AAS while
mercury was tested through 3112 B standard method.

3. Results

3.1. Physicochemical parameters

Summary of the results for the level of pH, alkalinity and turbidity of Dodiongan Falls was
presented in Table 1. These values had been placed alongside natural background levels for tropical
surface waters that are in accordance with the guidelines and the standards of the World Health
Organization (WHO) [22] and the Philippine national water quality standards (PNWQS).

3.2. Escherichia coli

The results obtained by counting the number of E. coli is summarized in Table 2 for the
category and color-code scheme for fecal coliforms in water supplies, Table 3 presumptive test result,
Table 4 confirmatory test result and Table 5 completed test result. The three sampling sites were
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distinctly gauged according to the number of positive tubes with an MPN index per 100 ml, category
and color-code scheme. The remarks are based on the WHO (1997) guidelines presented in Table 2.
Further, the table shows to which category the three sampling sites in the study belong in terms of
counts per 100 ml.

Table 1. Physicochemical parameters of Dodiongan Falls.

No. of
Stations

Measured Parameter Results WHO Standards (PNWQS)/
Highest Desirable Maximum/
Permissible

D1 pH 7.6 6.5–8.5 6.5–9.5
D2 7.4 6.5–8.5 6.5–9.5
D3 7.2 6.5–8.5 6.5–9.5
D1 Total Alkalinity as

CaCO3 (mg/L)
257 20–200 20–200

D2 257 20–200 20–200
D3 257 20–200 20–200
D1 Turbidity (mg/L) 4.95 Ideally below 1.0 NTU Less than 5.0 NTU
D2 4.95 Ideally below 1.0 NTU Less than 5.0 NTU
D3 4.95 Ideally below 1.0 NTU Less than 5.0 NTU

Table 2. Category and color-code scheme for (fecal) coliforms in water supplies (WHO).

Count per 100 ml Category and Color-Code Scheme Remark

0 A (blue) Within WHO recommendation

1–10 B (green) Low risk

10–100 C (yellow) Intermediate risk

100–1000 D (orange) High risk

>1000 E (red) Very high risk

Table 3. Presumptive test.

Sampling Site Number of Tubes MPN Index per Tubes
100 ml

Category and Color, Code
Scheme

Remark

10 ml 1 ml 0.1 ml
D1 5 4 2 220 D (orange) High risk

D2 5 4 3 280 D (orange) High risk

D3 5 5 4 920 E (red) Very high risk

Table 4. Confirmatory test.

Sampling Site Number of Tubes MPN Index per Tubes
100 ml

Category and Color, Code
Scheme

Remark

10 ml 1 ml 0.1 ml
D1 5 4 2 220 D (orange) High risk

D2 5 4 3 280 D (orange) High risk

D3 5 5 4 1600 E (red) Very high risk
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Table 5. Completed test for results obtained by measuring the growth of the fecal
coliform bacteria on EMB agar medium.

Sampling Site Number of Positive Tubes

10 ml 1 ml 0.1 ml

D1 ++++ ++ +

D2 ++++ ++ ++

D3 +++++ +++ +++

Note: +: number of tubes which show indicating of coliform bacteria.

3.3. Heavy metals

As shown in Table 6, there was less than 0.01 mg/L of lead and less than 0.001 mg/L of mercury
which is a good indication that the water has no high concentration of these heavy metals. Further,
the results were in conformity within the recommended limits of the WHO standards and PNWQS.
This means that, though it was less than what is considered a threat to human health, it does not mean
that there is an absence of it; it showed a trace of these heavy metals which can gradually become a
source of water contamination. Assessing the water quality of the Payatas Open dumpsite in Quezon
City Metropolitan Manila, Philippines showed that there was no significant amount of lead in the two
sets from the study area, but, since there was a presence of the total coliform, the water quality is still
poor and there is pollution.

Table 6. Heavy metal parameters for Dodiongan Falls.

Sampling Site Measured
Parameter

Results WHO Standards/PNWQS
Highest Desirable Maximum Desirable

D1 Lead (mg/L) Less than 0.01b 0.01 0.01
D2 Less than 0.01b 0.01 0.01
D3 Less than 0.01b 0.01 0.01
D1 Mercury (mg/L) Less than 0.01b 0.001 0.001
D2 Less than 0.01b 0.001 0.001
D3 Less than 0.01b 0.001 0.001

Note: b: method detection limit.

4. Discussion

The pH values at the three stations (7.2 to 7.6) were within the standard for recreational waters
Class B based on guidelines of the World Health Organization (WHO) [22] and the Philippine
national water quality standards (PNWQS) [21], the pH of the waterfalls would not adversely affect
their domestic use, their recreational activities, or the aquatic ecosystem [23]. The well-buffered
nature of the water from the waterfalls can be attributed to the fact that, naturally, running waters or
surface waters are influenced by the nature of deposits over which they flow this was taken into
consideration with the fact that the waterfall is a product of numerous springs that flow to the top via
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different tributaries [24].
The results for the alkalinity of the waterfalls were not alarming. The total alkalinity contributed

by CaCO3 reached 257 mg/L. This result is not within the highest desirable or maximum permissible
range (alkalinity range 20–200) indicated in the guidelines of the WHO standards and PNWQS.
However, since geology can considerably affect the alkalinity, there are no general standards for this
parameter. Waters with high alkalinity are able to resist major shifts in pH because alkalinity is the
ability of water to neutralize an acid.

Turbidity has no human or animal health effects but it can inhibit decontamination and
disinfection of the water which provides a medium for microbial growth. The results show that the
three stations have the same turbidity of 4.95 NTU. Ideally, according to the WHO and PNWQS
guidelines, the highest desirable turbidity of water should not be in excess of 1 NTU. Though the
result is less than 5 NTU which means that the turbidity of the water is within the maximum
permissible range, it is highly recommended that it should not be in excess of 1 NTU. The turbidity
of water higher than 1 NTU can cause problems in water purification processes such as flocculation
and filtration [25]. Highly turbid water is often associated with the probability of microbiological
contamination [26] as excessive turbidity makes it difficult to disinfect water to make it suitable for
domestic and recreational use; this can later become the main cause of recreational waterborne
illness as discussed in [27].

The MPN of the total coliform revealed that there was an increasing count of E. coli from the
upstream to downstream stations (220 < 280 < 1, 600 MPN/100 ml). The Upstream and midstream
stations were associated with a high risk while the downstream station associated with a very high
risk. These results have indicated fecal pollution of the water sources [28], and they imply that these
water sources pose a very serious health risk to their consumers [29]. The poor microbiological
quality might be a result of fecal contamination in the water by human beings and animals or they
could have been deposited in sediment and infiltrated the meteoric water [30]. The highest E. coli
(1,600 MPN/100 ml) recorded downstream could be attributed to the landfill leachate from the
neighborhood garbage dumping site in the area [31]. The presence of these bacteria in the water can
result in different diseases such as typhoid, diarrhea, infections, hepatitis, giardiasis, dracunculiasis,
cholera and amoebiasis [32]. This might be the reason behind the increasing rate of absenteeism
among all the learners in the nearby schools.

5. Conclusion

The implication of maintaining and sustaining water quality standards on health is very essential.
Every constituent of water has a safety implication because the consumption of poor-quality water
can lead to serious health hazards. Water standards concerning the monitoring, control and
surveillance of the water bodies remain the top priority from the perspective of ensuring optimal
public health. Ultimately, this study can be a baseline study to give insight into the current situation
of the residents in the nearby waterfalls which is in perilous condition, especially for the learners. It
is highly recommended that there will be the creation of a management plan. This management plan
should be crafted and supported by the baseline data from the findings and results of the
physicochemical, heavy metal, and E. coli analyses. The different agencies such as the DepEd,
Department of Environment and Natural Resources, the city tourism’s office, CHO, and the local
governmental unit (LGU) have to be convened to craft this management plan purposely to resolve
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the problem arising from the landfill leachate and thus, be able to protect Dodiongan Falls, the
people and their livelihoods that sustain their basic needs.
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