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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. 
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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. 
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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. 
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Conceptual Framework 

 

This study follows a sequential process illustrated through a flowchart. 

 

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. 
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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 
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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. 
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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. 
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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). 

 

 

Figure 5. Procedure for obtaining charcoal from N. fruticans. 

Finely powdered 

charcoal was produced 

for further use. 

Charcoal was 

crushed using a mortar 

and pestle to obtain 

fine powder. 

After heating, the material was 

converted into char and 

allowed to cool. 

  The resulting nipa husk 

biochar was collected and 

stored for further use. 

Dried husks were 

subjected to pyrolysis. 

The chopped husks 

were sun-dried to 

reduce moisture. 

Husks were chopped 

and kernels removed. 

Fresh nipa fruits were 

collected as raw 

material for the study. 
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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. 
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Figure 6. Procedure for treating the water sample using N. fruticans biochar. 

Water samples were 

collected from the site. 

Sterile bottles were prepared 

for sampling. 

Bottles were sterilized using 

an autoclave. 

A measured amount of 

powdered biochar was 

weighed for consistency 

in the experiment. 

Samples were stored in ice 

to preserve quality. 

The collected samples were 

securely sealed in containers 

to prevent contamination 

during transport. 

The weighed biochar 

was packed into a 

filtration setup. 

Water samples were then 

passed through the biochar 

filter for treatment and 

adsorption of contaminants. 

After filtration, the treated 

water was collected and stored 

in two 1-liter bottles for 

analysis and comparison. 
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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) 
 

𝑞 = 
(𝐶𝑖 – 𝐶𝑓𝑉 

 
 

𝑚 

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

 

Removal Efficiency (%) 

𝐶𝑖 − 𝐶𝑓 
𝑅 = 𝑥 100 

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 

of 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 

Treatment  Trial 1 

(mg/L) 

Trial 2  

(mg/L) 

Trial 3  

(mg/L 

Mean ± SD 

Seawater 1 Untreated  

(Control) 

0.00854 0.00907 0.00867 0.00876 ± 

0.00028 
Seawater 2 Charcoal-treated  

Untreated  

(Control) 

ND 

 

<0.005 

ND 

 

<0.005 

ND  

 

<0.005 

ND 

 

<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 
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groups that facilitate the adsorption of heavy metals through mechanisms such as physical 

adsorption, ion exchange, and surface complexation. It interacts with lead (Pb²⁺) 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 Trial 1 Trial 2 Trial 3 Mean ± SD 

Adsorption Capacity, 

q (mg/g) 

0.00569 0.00605 0.00578 0.00584 ± 0.00019 

Removal Efficiency (%) 100 100 100 100 

 

Note: Adsorption capacity (q) 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 



18  

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 

 

 

 

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. 

Seawater  

Treatment 
Treatment  Mean Lead 

Concentration 

(mg/L) 

DENR Class SC 

Guideline Value 

(mg/L) 

Compliance 

 Untreated  
(Control) 

0.00876 ± 0.00028 0.05 

 

Complies 
 

Seawater 1 Charcoal-treated ND 0.05 Complies 

 Untreated  

(Control) 

 

<0.005 

 

 

0.05 

 

 

Complies 
 

Seawater 2 Charcoal-treated <0.005 0.05 Complies 
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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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