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ABSTRACT

Heavy metal pollution of water by lead (Pb) is a severe environmental and health issue.
This research aimed to identify the effectiveness of N. fruticans (nipa palm) biochar as a
low-cost, eco-friendly, and alternative adsorbent for the removal of lead from contaminated
water systems. The biochar was generated by pyrolysis of dried N. fruticans biomass and
used on polluted water with known concentrations of Pb. F.A.S.T. Laboratory analysis
utilized electrothermal atomic absorption spectrometry (ETAAS) to analyze heavy metal
concentration prior and after treatment. The findings indicated that N. fruticans biochar
efficiently decreases the concentrations of Pb, which signified its possibility as a
sustainable water purification and environmental remediation solution with the use of
locally sourced materials.

Keywords: adsorption, biochar, chromium, lead, N. fruticans, seawater, water purification
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INTRODUCTION

Background of the Study

Nipa palm (N. fruticans), which belongs to the Arecaceae family, is a recurring
mangrove palm and is widely distributed throughout the tropical and subtropical regions
of Southeast Asia, including the Philippines (Mantiquilla et.al., 2022). It is a non-wood
plant that contains a high amount of lignocellulosic material, which makes it a suitable
charcoal precursor, and recent compositional analysis found that nipa can produce biochar
effectively. Because of these characteristics, carbonized nipa biomass is considered a
suitable adsorbent candidate, as lignocellulosic materials can be transformed into carbon-
rich solids with effective adsorption capabilities (Haryanti et.al., 2024). Studies involving
the Arecaceae family, particularly the nipa palm (N. fruticans) nut, have demonstrated its
potential as an adsorbent for lead removal (Hoang et al., 2022).

Adsorption is a surface phenomenon wherein atoms, ions, or molecules accumulate
on the surface of another material through binding. It is a simple, economical technique
that can produce an effective adsorbent for heavy metals from industrial discharge
(Natrayan et al., 2022). Charcoal and activated carbon are widely recognized as effective
adsorbents because of their porous structure and large surface area. Due to its high
adsorption efficiency and low production cost, biochar has emerged as a promising material
for the removal of heavy metals from contaminated water (Bayar et al., 2024). On the other
hand, the presence of lead in water systems poses a significant threat to both environmental
quality and public health due to its toxicity and relentless presence from human-related
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activities. Because it is non-biodegradable, it can accumulate in aquatic environments and
enter the food chain, increasing the risk of long-term exposure in humans and other
organisms. Chronic exposure to this heavy metal has been associated with serious health
effects. As industrialization and other human activities continue to introduce lead into the
bodies of water, the effective removal of this heavy metal from contaminated water has
become increasingly important.

Conventional water treatment technologies like ion exchange, membrane filtration,
and chemical precipitation are reliable but usually costly and energy-demanding, hence
less suitable at the community level (Qasem et al., 2021). This has driven the creation of
low-cost, sustainable, and environmentally friendly alternatives, including biochar, a
carbon-rich product made from the pyrolysis of biomass. Pyrolysis transforms biomass into
biochar, which can be processed and become activated carbon. Although activated carbon
was not used in this study due to financial constraints, research by Wijana et al. (2021)
supports the claim that using chemicals as an activator to convert biochar into activated
carbon did not significantly alter its characteristics. Some uses of biochar involve water
purification and its use as a briquette for alternative fuel (Wijana et al., 2021). Additionally,
biochar has the potential to function as a soil amendment and carbon sequestration agent,
helping to reduce greenhouse gas emissions by storing carbon that would be released as
carbon dioxide during biomass decomposition (Mosa et al., 2023).

Research has indicated that biochar contains a porous structure, high surface area,
and functional groups that allow for strong adsorption of metal ions (Kumkum et al., 2024).
Several studies have proven biochar's capability for heavy metal removal. For instance,

Mohadi et al. (2021) have proven that rice husk biochar can efficiently adsorb chromium.



from wastewater, while Chen et al. (2021) reported that coconut shell biochar exhibited
great manganese adsorption capacity.

In the Philippines, Abbas et al. (2022) researched bamboo-based biochar and
reported that it can be used for water treatment in the presence of lead. However, studies
on nipa palm waste conversion to biochar are limited. There is also a lack of locally
generated data assessing the performance of N. fruticans biochar using contaminated water
samples from coastal areas in Misamis Occidental. Addressing this is important to
determine whether this abundant local biomass can serve as an effective, low-cost, and
sustainable adsorbent for community-based water treatment.

N. fruticans is found to be abundant in the coastal regions of Tudela, Misamis
Occidental, and possesses high lignocellulosic composition, which is said to produce more
carbon yield and adsorption efficiency (Haryanti et.al., 2024). The use of nipa palm waste
for producing biochar has the potential to reduce biomass waste, provide livelihood support
at the local level, and end environmental pollution in the surrounding community.

In addition, research from the Asian Journal of Biological and Life Sciences (2022)
reported elevated levels of heavy metals in mangrove-related water systems in the
Philippines, emphasizing the need for locally adapted, low-cost water treatment media.
Hence, this research seeks to investigate the viability of N. fruticans biochar as a promising
adsorbent for the elimination of lead (Pb) from water systems. By assessing its adsorption
capacity and comparing treated and untreated water samples, this study hopes to contribute
to sustainable and community-based interventions for water pollution in Misamis

Occidental.



Conceptual Framework

This study follows a sequential process illustrated through a flowchart.

Nypa fruticans Sea Water
[
Dry
Pyrolyze
Biochar Treatment

Untreated Sea Treated Sea

Water Water

FAST
Laboratory

Compare result with/without
treatment

Figure 1. Conceptual Framework of the Study.

This diagram illustrates the use of N. fruticans as a source of biochar for seawater
treatment. The plant material undergoes cleansing, drying, and pyrolysis to produce
biochar. Seawater samples are then analyzed in the F.A.S. T Laboratory to determine the
presence of heavy metals. The produced biochar is then applied as an adsorbent in water
treatment, and the quality of seawater with and without biochar treatment is compared to

evaluate its effectiveness in removing heavy metals.



Objectives of the Study

The general purpose of this research is to find out the potential of N. fruticans
biochar as a good adsorbent in removing lead (lead) from seawater. Specifically, the study
aimed to:

1. identify the presence and intensity of lead (Pb) in the collected seawater;

2. determine the adsorption capacity of N. fruticans biochar for removing lead from the
seawater; and

3. compare the efficacy of N. fruticans biochar-treated seawater and untreated seawater

to identify the efficiency of heavy metal removal.

Significance of the Study

The significance of this study is that it investigates the potential of N. fruticans
biochar as a low-cost, locally sourced, and sustainable adsorbent for lead (Pb). By
evaluating its adsorption efficiency, the study contributes to the growing body of
knowledge on biomass-based adsorbents. It highlights the value of utilizing nipa palm fruit
as a renewable resource. The findings may provide baseline information for the
development of environmentally sustainable adsorption materials. It may also serve as a
basis for pre-treatment of adsorbent coastal water treatment and desalination systems. For
the people, this study demonstrates the potential of converting an abundant natural resource
into an enhanced biochar with adsorption properties, encouraging the sustainable use of

locally available biomass. For the local government, the findings may serve as a scientific



reference for promoting natural resource utilization, such as biomass, and for future
environmental management initiatives involving locally sourced adsorbents. For future
researchers, this study provides baseline data on the adsorption efficiency of N. fruticans
biochar for lead, which may serve as a foundation for future investigations on its adsorption
performance under different conditions and its application to other heavy metals or other

water systems.

Scope and Delimitations

This study focused on determining the efficiency of N. fruticans biochar as an
adsorbent for lead (Pb) from seawater. N. fruticans samples were collected from Tudela,
Misamis Occidental, where nipa palms are abundant. The researchers prepared the biochar,
while seawater was collected in Oroquieta City. The study included adsorption experiments
and the analysis of heavy metal concentrations before and after treatment. Only lead was
tested as a heavy metal, excluding other possible contaminants. Since the concentration of
lead collected from the seawater is not considered a contaminant or pollutant, the study
focused only on the potential of charcoal as an adsorbent for lead. Environmental factors
such as temperature and contact time were controlled within the laboratory to maintain
consistency.

Despite these limitations, the results of this research were expected to provide
valuable baseline information about the potential of N. fruticans biochar as a low-cost and
sustainable adsorbent for removing lead from seawater. These findings can serve as a
reference for future studies that aim to improve biochar-based water treatment methods or

explore other natural materials for heavy metal remediation.



MATERIALS AND METHODS

Research Design

An experimental study was conducted to evaluate the effectiveness of N. fruticans
biochar in removing lead (Pb) from seawater samples collected from Oroquieta City. In
this experiment, biochar produced from N. fruticans was applied to seawater samples, and
lead concentrations were measured before and after treatment to determine adsorption
efficiency. The study involved controlled laboratory conditions to ensure accurate
measurement and comparison of heavy metal levels. By testing a locally available plant
resource as a biochar source, the research aimed to determine whether N. fruticans can

serve as a potential low-cost and sustainable material for heavy metal removal in seawater.

Research Setting

This study was conducted in the laboratory of Misamis University located in
Ozamiz City. The laboratory was equipped with an autoclave, which was essential for
thoroughly sterilizing the bottles used to collect seawater samples for heavy metal analysis.
Seawater samples were collected from Oroquieta City, while samples of N. fruticans were
gathered from areas where nipa palms are abundant in Tudela, Misamis Occidental.

The preparation of biochar and the adsorption experiments for the removal of lead
(Pb) were carried out under controlled laboratory conditions, ensuring consistency and

reliability of results.
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Figure 2. GIS mapping of the seawater sampling site in Oroquieta City.

Further analysis of the treated and untreated seawater samples was conducted at the
F.A.S.T. Laboratories in Cagayan de Oro City to determine the concentrations of heavy
metals present before and after treatment.

Proper laboratory safety procedures were strictly followed during the handling of
seawater samples and biochar. Laboratory surfaces and materials were cleaned and
disinfected before and after each experiment, and all chemical wastes and contaminated
materials were disposed of according to standard laboratory safety and environmental

guidelines to ensure safe and responsible research practices.



Research Material

The primary raw material used in this study was N. fruticans, commonly known as
the nipa palm, which was collected from the mangrove areas of Tudela, Misamis
Occidental. The nipa palm was selected because it is readily available in the area and
contains a naturally high carbon content suitable for biochar production. Seawater samples
were collected from selected areas in Oroquieta City, which were chosen due to the
potential presence of lead (Pb) associated with nearby construction activities, docked
vessels, and industrial facilities. These human-related activities were considered possible
sources of lead input, making the area suitable for evaluating the adsorption efficiency of

N. fruticans biochar.

Figure 3. N. fruticans
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Figure 4. GIS mapping of the location where N. fruticans samples were collected in
Tudela, Misamis Occidental, Philippines.

Other materials and equipment used in the study are filtration materials, a weighing
scale for precise measurement, a mortar and pestle for grinding to produce powdered
charcoal, and a canister for the production of biochar. Further analysis of heavy metal
concentrations in the seawater samples was conducted at F.A.S.T. Laboratory using a 3113
B. Electrothermal Atomic Absorption Spectrophotometer (EAAS) to ensure accurate and
reliable measurement of lead levels before and after treatment. EAAS, also known as
Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS), is an analytical
technique used to determine trace amounts of metallic elements, such as lead, in liquid or
solid samples, and is widely used because of its high sensitivity and ability to detect metals

at very low concentrations (Bishop et.al., 2020).
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Preparation of Biochar

The N. fruticans samples freshly obtained from Tudela were thoroughly sun-dried
for approximately two days. The Nipa husk was chopped into small pieces, excluding the
kernel; it was then sun-dried and subjected to pyrolysis in a charcoal canister for 6 hours
under restricted oxygen (Minh et al., 2023). This converted the organic matter into carbon-
rich biochar. The cooled biochar was powdered using a mortar and pestle to achieve a
uniform particle size (Ahmed et al., 2025). The biochar was then kept in airtight containers

to preserve its quality and avoid moisture uptake prior to application for adsorption

experiments (Rafiq et al., 2023).

Fresh nipa fruits were Husks were chopped The chopped husks Dried  husks  were
collected as  raw and kernels removed. were  sun-dried  to subjected to pyrolysis.
material for the study. reduce moisture. l

ki

resulting nipa husk [After heating, the material wag

Finely powdered Charcoal was The :
charcoal was produced crushed using a mortar biochar was collected and [converted into char and
for further use. and pestle to obtain stored for further use. allowed to cool.

fine powder.

Figure 5. Procedure for obtaining charcoal from N. fruticans.
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The diagram shows the procedure for producing charcoal from N. fruticans, starting from
fruit collection, husk preparation, drying, pyrolysis, cooling, crushing, and powdering for

further use in the study.

Collection and Preparation

Water samples were obtained from the sea at 97 Independence Street, Poblacion-1,
Oroquieta City, with suspected lead presence due to local industrial effluent discharges and
domestic waste. The water sample was obtained from a depth of two feet (2 ft) and had a
volume of 4 liters, each kept in a long-neck bottle, which was autoclaved before sample
collection and labeled right away based on where they were collected. As per the
laboratory's instructions, the samples were kept in an ice-cold container and taken to
F.A.S.T. Laboratory to undergo analysis to determine the concentration of lead. These
actual seawater samples were subsequently utilized directly in the experiment to determine

the adsorption capacity of N. fruticans biochar under real-world environmental conditions.

Experimental Procedure

Three grams of N. fruticans biochar were added to each 1-liter sample of the
seawater (Vaghela et.al., 2023). The mixture was then left to soak for 4 hours to ensure
optimal contact between the biochar and the heavy metal ions (Yang et.al., 2023).
Following the reaction time, the mixture was filtered to remove the biochar from the treated
water. The treated samples were also examined at the F.A.S.T. Laboratory to identify
residual lead levels. Heavy metal concentration reduction was computed to assess the
adsorption efficacy of the biochar. The results were compared with the control samples to

determine how effectively the biochar removed lead.

12
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Figure 6. Procedure for treating the water sample using N. fruticans biochar.
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The diagram shows the procedure for treating water samples using N. fruticans biochar,
starting from bottle sterilization, water collection, sample preservation, biochar weighing,

filtration, and collection of treated water for analysis.

Data Analysis
Samples collected include the initial and final concentrations of lead in seawater.

The efficiency of the adsorption of N. fruticans biochar was calculated using the equation:

Adsorption Capacity (q)
B (Ci-CfVv
B m

In percentage, the removal efficiency was calculated as in equation (2):

Removal Efficiency (%)

Ci—C
R=—fx100
Ci

Where Ci is the initial concentration of the metal, Cf is the final concentration (mg/L), V
is the volume of the water sample in Liters, and m is the mass of the biochar used in

grams (Duwiejuah et.al., 2024).
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RESULTS AND DISCUSSION

The study evaluated the effectiveness of N. fruticans biochar in removing heavy
metals, specifically lead (Pb), from the collected seawater. Metal concentrations before and
after treatment were analyzed, and adsorption capacity and removal efficiency were

calculated.

Table 1 presents the lead (Pb) concentrations measured in two seawater samples
before and after charcoal treatment. The untreated Seawater 1 recorded lead concentrations
0f 0.00854 mg/L, 0.00907 mg/L, and 0.00867 mg/L in the three replicate analyses, yielding
a mean concentration of 0.00876 + 0.00028 mg/L. The relatively small standard deviation

indicates good analytical precision and consistency among the replicate measurements.

Table 1. Lead (Pb) Concentration in Seawater Samples Before and After Charcoal

Treatment
Seawater Treatment Trial 1 Trial 2 Trial 3 Mean + SD
Treatment (mg/L) (mg/L) (mg/L
Seawater 1 Untreated 0.00854 0.00907 0.00867 0.00876 =
(Control) 0.00028
Seawater 2 Charcoal-treated ND ND ND ND
Untreated
(Control) <0.005 <0.005 <0.005 <0.005

Note: ND = Not Detected (below the laboratory detection limit). Values for Seawater 1 are
presented as mean * standard deviation (n = 3). Seawater 2 results were reported by the laboratory
as below the reporting limit (<0.005 mg/L) for all replicate analyses.

Following charcoal treatment, lead was not detected (ND) in all three replicate
analyses of Seawater 1, indicating that the lead concentration was reduced to below the
laboratory's analytical detection limit. This result demonstrates the capacity of charcoal to
adsorb dissolved lead ions from seawater. Charcoal is recognized as an effective adsorbent
because of its porous structure, high surface area, and abundance of active functional

15



groups that facilitate the adsorption of heavy metals through mechanisms such as physical
adsorption, ion exchange, and surface complexation. It interacts with lead (Pb**) by binding
the metal ions to its surface through functional groups such as hydroxyl and carboxyl, as
well as through ion exchange and electrostatic attraction, allowing effective removal from
water (Adelodun et.al., 2022). The absence of detectable lead after treatment therefore
suggests that charcoal effectively removed the measurable lead present in the seawater
sample.

In contrast, Seawater 2 exhibited lead concentrations of less than 0.005 mg/L in
both untreated and charcoal-treated samples. Since all replicate analyses were already
below the laboratory reporting limit before treatment, no measurable decrease in lead
concentration could be observed after charcoal application. This finding indicates that
Seawater 2 contained only trace levels of lead that were below the quantification capability
of the analytical method. Consequently, although charcoal treatment maintained the low
lead concentration, its adsorption efficiency could not be quantitatively evaluated for this
sample.

The differences observed between the two seawater samples suggest that the
effectiveness of charcoal treatment is influenced by the initial concentration of lead present
in the water. A measurable reduction was observed only in Seawater 1 because detectable
lead contamination existed before treatment, whereas Seawater 2 already exhibited lead

concentrations below the laboratory reporting limit.
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Table 2 presents the adsorption capacity of biochar derived from N. fruticans in
removing lead from a polluted seawater across three trials. The data highlight the
relationship between initial lead concentrations (Ci) and final concentrations (Cf),
demonstrating the biochar’s efficiency with a mean adsorption capacity of 0.00584 mg/g.

Table 2. Adsorption Capacity and Removal Efficiency of N. fruticans Biochar for
Lead (Pb) Removal from Seawater

Parameter Triall Trial 2 Trial 3 Mean + SD
Adsorption Capacity, 0.00569 0.00605 0.00578 0.00584 + 0.00019
q (mg/g)

Removal Efficiency (%) 100 100 100 100

Note: Adsorption capacity (g) and Removal Efficiency (%) were calculated using Equations (1)
and (2). Values are presented as mean + standard deviation (n=3). For the calculations, the final
lead concentration (Cf) was assumed to be zero because the treated samples were reported as not
detected.

In the first sampling, a total of 4 liters of seawater sample was collected, where
every 2 liters was treated with 3g of biochar. Following treatment, lead was no longer
detected. During the second sampling, the same volume of seawater and the same amount
of charcoal were used; however, the initial lead concentration in the untreated water sample
was already below the laboratory detection limit. Consequently, the initial concentration of
lead could not be determined, making it impossible to calculate the adsorption capacity and
removal efficiency for the second sampling. Therefore, only the data obtained from the first
sampling were used to determine the adsorption capacity and removal efficiency of the

biochar.

The concentration of lead (Pb) is variable depending on the time and
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environmental parameters, which may lead to variation in concentrations depending on the
date of the sampling (Li et al., 2025). Environmental factors such as tidal changes and
freshwater inflow will play a part in affecting how heavy metals disperse in seawater. The
tides will change the conditions of the environment in the coastal and intertidal areas, which
favor the movement, alteration, and redistribution of heavy metals between sediments and
the water column (Geng et al., 2024). When there is a high tide, the flow of seawater will
lead to the dilution of lead concentration, while at low tide, there could be more influence
of terrestrial sources and their contamination (Zhang et al., 2024). Additionally, rainfall will
affect the concentration of heavy metals since the increased amount of rainfall will bring
about surface runoff and increase water volume and hence dilute contaminants (McKenzie
et al., 2024). Thus, it is important to maintain uniform conditions for sample collection,
including date, time, and tidal conditions.

In addition to this, the physical and chemical properties of seawater such as salinity,
dissolved oxygen, and temperature greatly affect the behavior and distribution of dissolved
heavy metals (Li et al., 2025). Since heavy metals like lead easily react with particulate
materials in the form of suspended solids and dissolved organic matter, there will be
adsorption, deposition, and changes in their concentrations in the dissolved state (Zhang et
al., 2024).

Table 3 compares the measured lead concentrations with the water quality guideline
established by the Department of Environment and Natural Resources (DENR)
Administrative Order No. 2016-08 for Class SC coastal and marine waters. The guideline
specifies a maximum allowable lead concentration of 0.05 mg/L to protect aquatic life and

maintain the designated beneficial uses of coastal waters.
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Table 3. Comparison of Lead (Pb) Concentrations with the DENR Administrative
Order No. 2016-08 Water Quality Guideline for Class SC Coastal and
Marine Waters

Seawater Treatment Mean Lead DENR Class SC  Compliance
Treatment Concentration Guideline Value
(mg/L) (mg/L)
Untreated 0.00876 £ 0.00028 0.05 Complies
(Control)
Seawater 1 Charcoal-treated ND 0.05 Complies
Untreated
(Control) <0.005 0.05 Complies
Seawater 2 Charcoal-treated <0.005 0.05 Complies

Note: ND = Not Detected (below the laboratory detection limit). The DENR Administrative Order
No. 2016-08 specifies a guideline value of 0.05 mg/L for lead (Pb) in Class SC coastal and marine
waters.

The untreated Seawater 1 had a mean lead concentration of 0.00876 + 0.00028
mg/L, which is substantially lower than the DENR guideline value of 0.05 mg/L.
Therefore, although lead was detected in the sample, its concentration remained within the
acceptable limit for Class SC waters. After charcoal treatment, lead was no longer detected
in any of the replicate analyses, indicating that the treatment further reduced the
concentration to below the laboratory detection limit. While treatment was not necessary
to achieve regulatory compliance, the reduction demonstrates the adsorption efficiency of
charcoal in minimizing trace concentrations of lead in seawater.

Similarly, Seawater 2 exhibited lead concentrations of less than 0.005 mg/L before
and after treatment, remaining well below the DENR guideline value throughout the study.
Because the initial lead concentration was already below the laboratory reporting limit, no
measurable improvement could be demonstrated after charcoal treatment. Nevertheless,
the results confirm that the seawater consistently complied with the national water quality

standard.
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Overall, both seawater samples met the DENR guideline for lead prior to treatment.
However, charcoal treatment successfully reduced the detectable lead concentration in
Seawater 1 to below the laboratory detection limit, highlighting its effectiveness as a low-
cost adsorbent for reducing trace heavy metal contamination in seawater. Although the
treatment did not alter the compliance status of either sample, the observed reduction in
detectable lead suggests that charcoal may provide an additional safeguard against
fluctuations in lead concentrations in coastal environments.

On the other hand, Rafiq et al. (2023) emphasized a limitation in recent biosorption
research that must be addressed for laboratory findings to be applied to broader
environmental management. As seawater contains a variety of cations and anions, their
presence may negatively influence the adsorption-desorption of toxic metal ions to the surface
of the adsorbent. The competitive nature of cations and anions reduces the removal efficiency
of the targeted pollutant. Therefore, understanding changes in water salinity and their effect on
the removal efficiencies of Pb and Cd remains crucial for assessing different biochars.

The findings of this study support the use of charcoal as a practical and sustainable
adsorbent for the removal of dissolved lead from seawater. Its ability to reduce measurable
lead concentrations to below the analytical detection limit demonstrates its potential
application in coastal water remediation and environmental management. Future studies
should evaluate different types of charcoal, adsorption contact times, particle sizes, and
initial metal concentrations to optimize treatment efficiency and assess the applicability of

charcoal under varying environmental conditions.
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CONCLUSION AND RECOMMENDATION

According to the findings, nipa biochar effectively adsorbed lead from a seawater
sample with initially detectable levels of lead. After treatment with N. fruticans biochar,
lead was no longer detected in the treated water sample. This shows that biochar has the
potential to adsorb lead from seawater under the conditions of the study.

Overall, the findings showed that N. fruticans biochar has the potential to be a low-
cost and natural adsorbent for lead removal. The treated water showed improvement
compared with untreated water, which supports the possible use of nipa palm biochar in
water treatment. Therefore, this study may serve as a basis for future research on using
locally available plant materials for removing heavy metals from contaminated water.

Future studies are recommended to supplement the seawater sample with lead, for
which the concentration of the heavy metal is predetermined, to investigate the adsorption
capacity of the biochar further. It is also advisable to test additional metals commonly
found in polluted waters, such as cadmium, copper, nickel, zinc, and mercury, to determine
the broader application of the biochar as an adsorbent. The amount of biochar used during
treatment may also be increased to determine whether a greater amount of adsorbent can
improve heavy metal adsorption. A higher amount of biochar may provide more surface
area and more active sites where metal ions can attach, which can help improve adsorption.
This would also help identify the most effective amount of biochar needed for treating lead

in water.
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Furthermore, future researchers may coordinate with relevant environmental
agencies or consult available water quality monitoring data to identify the heavy metal with
the highest recorded concentration in Oroquieta City waters. Determining the most
prevalent contaminant in the area would allow future experiments to focus on locally
significant pollutants and improve the practical importance of the study for environmental
rehabilitation in Oroquieta City. This may also help researchers choose better sampling
sites and collect water samples that truly represent the condition of the area. By using
updated local data, future studies can produce findings that are more accurate, useful, and
applicable to community-based water treatment programs. These efforts may also support
local plans for pollution control, water protection, and the possible use of low- cost natural

adsorbents such as N. fruticans biochar.
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Tebmary- Metrh , 202 ot MMM Unideryty  ~ under the  supervision of

DAeWIN  R. ‘TA‘!LM (Adviser'Faculty).
1 understand that Misamis University exercises the necessary safety precautions in this activity.

In consideration of the benefits to be derived from the above activity, 1 expressly waive any and all
claims against the administration or any member of the faculty and staff of the Misamis University on
account of any unforeseen accident or injury that my son/daughter/ward might incur in connection with
the aforementioned activity.

Date

Jar | gy
Date

SUBSCRIBED AND SWORN 1o before mp, this _JANdhy2 o205 at __ Ozamiz Cis
Philippines, that the herein affiant personally came antl appeared with his/her , as evidence of
his/her personal identity. ATTY. | NAG, RMT

NolariaCommissiop No. 2025-18 -
RS TIRL, || Notary Fuffic for Gzarkiz Gity and Clarin
¥ City Hall Drive, Betnad Subdivigion, Aguads, Ozamiz Eity
m}:::j FTR No. 6007751; 01/05/2026; Oaamiz City . Woticy Sulbie
Serics ofﬁ% 159 O.R. No. 578165; 12/29/2025; Paslg City PTR No.

Attorney's Roll No, 70848

MELE Cpmpuance No. VIILOU14127; Valid unti ouwzo%?l: :‘;

Roll No.

(For DSAS Personnel only)
: . Attested by

RODEL L. BALDADO, MHist, MAE(d
OIC, Department of Student Affairs & Services

Date:
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MISAMIS UNVERSITY
Ozamiz Cily
Depaﬂmem of Student Affairs & Services

MU-DSAS-006/02)me2023

PARENT'S CONSENT

(OLLEGE - YF  MED|eM TEUWNODLOGY
Sponsoring Group/Organization

f am allowing my son/daughter/ward, YATHVECN Tpfe C pricn . 1o join
the Mmm&ww (activity)  to be  held on
0&9\9 at  Miggn! Uy v !’m under the supervision of
__mmu_’___'rﬂyhl:aﬂ_——- (Adviser Faculty).
I understand that Misamis Universily exercises the necessary safety precautions in this activity.
In consideration of the benefits to be derived from the above activity, | expressly waive any and all

claims against the administration or any member of the faculty and staff of the Misamis University on
account of any unforeseen accident or injury that my son/daughter/ward might incur in connection with

the aforementioned activity.

oA

Loty GRACE correl 0l
Signature over printed name of Date
Parent/Guardian
T _VARICH ! ol ﬂg(@g :
Signature aver printed name of Date
Student

lmpammr This fwm shall be submitted fo the DSAS 0]]7:: at least nvo (2) days bqforc the conduct of the activity.

R e JANZZUW ' iz ity

SUBSCRIBED AND SWORN to before me, this day of at
Philippines, that the herein affiant personally came and|appeared with his/her ., as evidence of
hig/her personal identity. ATTY. RG7D. BINAG) RMT
Notarjal Cfnmission No. §025-18
Doc. No. i Notary Public for Ozamiz City and Clarin
Page No. City Hall Drive, Bernad Subdivision. Aguada, Ozamiz City Notary Public
Book No. PTR No, 6007751; 01/05/2026; Ozamiz €Ity Until
Series of 20 1BP O.R. No. 576165; 12/23/2025; Pasig City  PTR No,
. ¢ Attarney’s Roll No. 70848 IBP No.
MCLE Somphadce No VII-00§4127: Valld untll 04/14/2028 TIN N(;
S Rall No.
P R G e s 7 TR LT T A A==t
- Anested by,

RODEL L. BALDADO. Mist, MAEd
-0IC, Department of Student Affairs & Services

Date:
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MISAMIS UNVERSITY
Ozamiz City
Department of Student Affairs & Services
MU-DSAS-006/02/une2023
PARENT'S CONSENT
__lOLELE or MEVIAL [F4MLbLy
Sponsoring Group/Organization
T am allowing my son/daughter/ward, Jemel Fiitz D Villantes ;o lokn
the Zeward)  Date Colecton gnd Ex!m-;nwﬁyh (acriviy)  to  be held on
Frkuan, Mardh | 102 at _Misawis  Univereity under the supervision of
Ime;n 2. Toylaca® {Adviser'Faculty).

1 understand that Misamis University exercises the necessary safety precautions in this activity.

In consideration of the benefits to be derived from the above activity, 1 expressly waive any and all
claims against the administration or any member of the faculty and staff of the Misamis University on
account of any unforeseen accident or injury that my son/daughter/ward might incur in connection with

the aforementioned activity.
i e N3 2¢
Signature over printed name of Date
Parent/Guardian
JEmeEL ¥ 0. Vi LanTEZ VIslLé
Signature over printed name of Date
Student

Important: This form shall be submitted to the DSAS Office at least two (2) days before the conduct of the activity.

......... tacsssessssesnssssnsassnssnsnsassnssesesstsnsassessssseasassesseserppnts ded e Yl onessesasnneainssannisnsonsomoss
AN . Dzamiz City
SUBSCRIBED AND SWORN to before me, this day of at ‘
Philippines, that the herein affiant personally camg and appeared with his/her .-as evidence of
his/her personal identity. : ' )
ATTY MAG, RMT
Doc. No. Notaria§Commissiph No. 2025-18
Page No. Notary Puthic for 02aiz City and Glarin
BeatiNe. ity Hall Drive, Betuad Subdivision, Aguada, Qzamia Gity (5 . Novey Sonlie
Series of 20 PTR Ne, 6007751; 01/05/2026; Qzamiz City PTR No
187 O.R. No. 576165; 12/29/2025; Paslg Glly . jpp e
Itarney's Roll No. 70648 TIN No‘

MELE Sompracce Ha. VIILDA14127: Valid uniil 04/14/2028

Roll No.

sesrene sessssrrvane Sesesnerernsrassra e hesscnnana seinan Assensan srsssensnen CEC

(For DSAS Personnel anly)
Attested by:

RODEL L. BALDADO, MHist, MAE(
OIC, Department of Student Affairs & Services

Date:
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APPENDIX C

Raw Data of the Result Provided by F.A.S.T. Laboratories

s FA.S.T. Laboratories

The First Analytical Services And Technical Cooperative

FOCUS ON EXCELLENCE @ ADAPTABILITY TO CHANGE @ SOCIAL RESPONSIBILITY @ TEAMWORK @ LEARNING AND GROWTH @ ACCOUNTABILITY @ BALANCED

F.A.S.T. Laboratories - CDO Reference No. CD2602-0918
Lapasan Hi-way corner Camp Alagar Road CDO City Page 1 of 2
TEST REPORT
CUSTOMER .ALONAH JHARY M. CARLOS
ADDRESS :Aguada, Sto. Nifio. Village, Ozamiz City,
CONTACT PERSON . Alonah Jhary M. Carlos
CONTACT DETAILS : carlosjhary11@gmail.com
SAMPLE(S) SUBMITTED : SEAWATER (As Declared)
SAMPLE CODE + CD2602-0918-01
SAMPLED BY : Customer
SAMPLING LOCATION : Oroquieta
DATE / TIME OF SAMPLING .12 February 2026 / 2:05 PM
DATE / TIME RECEIVED : 13 February 2026 / 9:55 AM
DATE ANALYZED : 05 — 08 March 2026
DATE REPORTED 1 18 March 2026
Results
Parameters Unit Seawater without treatment Test Method
Trial 1 Trial 2 Trial 3
Lead mg/L 0.00854 0.00907 0.00867
3113 B. Electrothermal Atomic
_ Not Not Not Absorption Spectrometry Method ‘

Ehuotnan ML | Detected Detected | Detected 1

Note: Outsourced to FA.S.T Laboratories recognized subcontractor. Method Detection Limit of Chromium= 0.006 mg/L

Reference: APHA-AWWA and WEF 2017, Standard Methods for the Examination of Water and Wastewater, 23" ed
APHA-AWWA and WEF 2023. Standard Methods for the Examination of Water and Wastewater, 24" ed.
btained at time of i and relate only to the sample(s) tested.

Results are e
cénF/Em LMy 90U APBROVED BY.

& May W

) NO, RCh M.L8MENDOZX, RCh

La Supervisor oratory Business Manager

Chem. Reg. No, 0014490 Ci Reg. No. 08239

Trmvtuﬁ Conditions:

L. Sumpling details such as sample description, sampling location/point. date and time of's are declared inft ion which can affect the

validity of results and the laboratory cannot confirm its accuracy and therefore should not be held liable

2. This report is prepared for the SOLE USE of the customer and is prepured based on the item submitted, the services required by the customer and the
conditions undu which the Services are performed by F.AS.T Laboratories. The report is not intended to be representative of similar or equivalent items snd
does not an end: by F.AS. b ies on the item

3. The report shall not be reproduced EXCEPT IN FULL and SHALL NOT be used for advertisement. publicity material, and press release or for lingation
purpuses WITHOUT the written permission of FA.S. T Lahoratories.

4. F.AS.T Laboratories shall under no circumstances be liable to the customer or its representanves for any direct or indirect loss or damage suffercd by the
customer or ifs representatives howsoever arising or whether connected with the services provided by FAST Laboratories

5. This report is NOT OFFICIAL and VALID unless stamped with the seal of F.A.S.T Laborutories. It shall be kept on file for six (6) manths from the date of
issue.

ACCREDITATIONS/RECOGNITIONS: Dept. of Environment and Natural Resources (DENR) « Dept. of Health (DOH) » Dept. of Agriculture - Bureau of Animal industry (DA-BA)
Food and Drug Administration (FDA) *Bureau of Fisheries and Aguatic Resources (BFAR) * Laguna Lake Development Authority (LLDA
MAIN. 62, 20th Avenus, Cubar, Quezon Gy, 1108 « Teks, (02) 8312-0250+ 8912-5275 Ghobe U517-521-2625 vaw fastiaborstonies com s » m miktgsalfes @grral com
BRANCHES: CALABARZON - B1 1.2 P1 Ponte Virde de Slo. Tomas. By, San Rafael, 10, Tomas Cily, Batangas 4234  Tols, (0437230424, 23 (0917)-562-624 mkigsains fastia) @grmall coxr
Cabu ~ Hi-way Central Bldg, M. C. Branes Hahway, Mandaue City, Gebu 6014 » Tels. (03215008272 Giabe: (0917) 562-6322+ E-miat: miigsaies fastiaboratone:
c-g-y-m-Oro 2fF Casiio Bidg. CM. Recto Ave. cor, Camp Alagar Ra, Brgy, Lapasan, Cagayan de Oro City, Misamss Oriental 8000 + Tois. (BR)B52-4446. 1U)|/B?4—b.3”1 iaysams fastiaboratones@armeil sont
~ Angeles - Stall 5.6.7. SNB 8idg . 717 Magaiang Road. Pandan. Angales City 2008 « Tels. (0451570517 » Glabe: (0817) 1068-8463- nikugsales astisboralories@ymat com
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s F A.S.T. Laboratories

The First Analytical Services And Technical Cooperative

FOCUS ON EXCELLENCE @ ADAFTARILITY TO CHANGE @ SOCIAL RESPFONSIINLITY @ TEAMWORK @ LEARNING AND GROWTH @ ACCOUNTAEILITY @ BALANCED

F.A.S.T. Laborataries — CDO Reference No CD2602-0918
Lapasan Hi-way corner Camp Alagar Road CDO City Page 2 of 2
TEST REPORT
CUSTOMER ALONAH JHARY M. CARLOS
ADDRESS :Aguada, Slo Nifio, Village, Ozamiz City.
CONTACT PERSON Alonah Jhary M. Carlos
CONTACT DETAILS “carlosjhary 11@gmail. com
SAMPLE(S) SUBMITTED SEAWATER (As Declared)
SAMPLE CODE - CD2602-0918-02
SAMPLED BY Customer
SAMPLING LOCATION Oroquieta
DATE / TIME OF SAMPLING 12 February 2026 / 2:05 PM
DATE / TIME RECEIVED 18 February 2026 / 9:55 AM
DATE ANALYZED 05 - 08 March 2026
DATE REPORTED 18 March 2026
Results Y
Parameters Unit Seawater with treatment Test Method
Trial 1 Trial 2 Trial 3 I
Not Not Not ‘
Lead
ML | Detected Detected Detected | 3113 B Electrothermal Atomic ‘
- Not Not Not Absorption Spectrometry Method |
Chromium ML | Detectsd Detected | Detected }
Note Outscurced to FA.S T Laboralones recognized subconisaciar Reporing Limit of Lead = 0 005 mo/L
Method Detaction Lirit of Chr 0.008 mg/L

Reference’ APHA-AWWA and WEF 2017 Standard Methods for tie Examination of Water and Wastewalar 23" ed.
APHA-AWWA and WEF 2023. Standard Methods for the Examination of Water and Wastewater, 24" ad
Rnydummm obtained at time of examination and refate only to the sample(s) tested.

EIED Ay~ - (@ oy WU APPROVEDBY
LA , RCh M.LS. MEN . RCh
Laboratdyy Supervi tory Business Manager

. No. 0014490 Chem Reg No. 08239

| Summpling detalls such as sumple description, sumpling location'point, dateand ime of sumpling are decl
valldity of resulis and the laboratory cannot confiom s wcourney and theretime should not be held Tishie.
2 This report iy prepared Lo (he SOLE USE of fie customer and 1s prepared hused on thie et sibomiiied, e sedvioe reyuired By tlie vusbimer and (e
conditions under which the Services nre performed by FAS T Luboratorios. The report i not intended o be representitive of similus o equivalent s wed
does nal consuiute wn endorsement by FAS T Labocatories on (he legi

3 The repurt shall fol be reproduced EXCEPT IN FULL sl SHALL NOT be usesd for advertisement, publicity matertil, and press release or for Hbganon
purposes WEITHOUT the written pemiission of FA S 1 Laborstories

4 FAST Laboratories shull imder no ciroumstances be liable 1o the custamer or its representatives for any direct or indirect loss or dumage sufferod by the
SHSLamET o e representistives howsoever arrsing o whether connested will the services provided by PAST Lubormtories

= This report s NOT OFFICIAL and VALID unloss stanped with the seul 0 F.AS T Libartaries 1 ahall be kept an Dle for 4061 months foim (e date of
IS

d informunion which can 41Toct the

ACCREDITATIONS(RECOONITIONS: Dupr. of Enviranment and Natural Resources (DENR] + Dept. ol Health IDOM] » Degt. bt Agriculture - Burnai of Animal industry (DA DAY
Foad and Drug Administyation (F0A) rBureau of Fisnaries and Aquatic Resoarces (DFART + LSEUNA Lake Development Authority (LLDA

MAIN 62200 Adeviue, Ot Qo Clly, 4100 T (000 9501 200400 W9 2070 Gt 651 TR0 1 525 gt Stk s oety 340 » ettt tratcsms. com o T i fstnommnes o, com

BRANCHES CALABARZON 8122 71 P viedi e Sl Tormm ety San Foitois. S Tonwi Oty Biatonciin 47730 « o (3805720005 3322022000 (001 1) 50560000 ertnbe b o saooinesidegrvvath
Gt - #my Commr Bitky, M. € Dhicormm Sigwry, Murcioe Sy, Cani G214 = Toii (TSI TE ioter (TR 1) 502 4522 £ il mwipies TR Wl corm
Cuugayan do Cro 28 Ol Iy C M e A, oo Clrsy Mgl Red By Loy, Cagayo i i iy Alisris Ormedill W0« Tuts |0 bt L e L L e B ]
Churk~ Angoles - S 50,7 G . 717 Moamng Foso, Facc: Aocess Sty 000 » To I4SM57.0817 = Glote 108171 1085-BARE s esstiontonmsdionmll wem
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Computation

Using the formula:

Ci—C
Adsorption Capacity (q) = %
where:
e V=2ZL
e m=23g

¢ (Cf=0mg/L (since the treated samples were reported as ND. In adsorption studies,
researchers commonly assume Cf'= 0 only for the purpose of calculating adsorption
capacity, while stating that the concentration was below the detection limit.)
Calculations:

Trial 1

~ (0.00854 — 0) x 2
B 3

= 0.00569 mg/g

Removal Efficiency:
0.00854 — 0

= 0
000852~ 100 = 100%

Trial 2

(0.00907 — 0)x 2
q= 3 = 0.00605mg/g

Removal Efficiency: 100%

Trial 3

_ (0.00867 — 0)x2

3 = 0.00578 mg/g

Removal Efficiency: 100%

Mean adsorption capacity:

0.00569 + 0.00605 + 0.00578
3

= 0.00584 mg/g
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Sample Standard Deviation formula:

‘/(0.00569 — 0.00584)? + (0.00605 — 0.00584)? + (0.00578 — 0.00584)2
5§ =

3—1
Trial X; Xi— X (x — x2)
1 0.00569 —0.00015 0.0000000225
2 0.00605 0.00021 0.0000000441
3 0.00578 —0.00006 0.0000000036

Sum of Squares
0.0000000225+0.0000000441+0.0000000036 = 0.0000000702

0.0000000702

> = 0.000187

Take the square root:

s = +0.0000000351 = 0.000187

Rounded off to five decimals:
s= 0.00019mg/g
Therefore, the result is:

0.00584 + 0.00019mg/g
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Documentation

D.1 Collection of Seawater Sample
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D.2 Collection of Seawater Sample
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D.3 Preparation and collection of N. fruticans.
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D.4 Pyrolyzing of N. fruticans
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D. 5 Biochar with treatment
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D.6 Filtration of Biochar with treatment
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APPENDIX E

Turnitin Results

z'a turnitin Page 2 of 36- Integrity Overview Submission 1D trnoid::28447:146594318

21% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

+ Bibliography

Match Groups Top Sources

97 Not Cited or Quoted 20% 9% @ Internet sources
Matches with neither in-text citation nor quotation marks 6% R Publications

. 10 Missing Quotations 1% 18% & Submitted works (Student Papers)
Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

€ 0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Integrity Flags

0 Integrity Flags for Review
Our system's algorithms look deeply at a document for any inconsistencies that

No suspicious text manipulations found. would set it apart from a normal submission. If we notice hing strange, we flag
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you
focus your attention there for further review.
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General metrics

38,060 5,626
characters words
Score

APPENDIX F

Grammarly Results

387 22 min 30 sec
sentences reading
time

Writing Issues

4 3

Issues left Critical

This text scores better than 99%
of all texts checked by Grammarly

Plagiarism

This text hasn’t been checked for plagiarism
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