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ABSTRACT 

 

Clean water is a vital basic need for human life. However, in several areas such as Makassar City, well 

water is often contaminated by heavy metals such as iron (Fe) and manganese (Mn) which exceed quality standard 

limits. This study aims to determine the effectiveness of using coconut shell charcoal and rice husk ash as filtration 

media in reducing Fe and Mn levels in clean water from well sources. 

This research is an experimental study using a vertical filtration design made of PVC pipes. Well water 

samples were taken from the Banta-Bantaeng area, Makassar City, and tested for Fe and Mn levels before and 

after treatment using both media. 

The research results showed that the use of coconut shell charcoal was more effective than rice husk ash. 

Coconut shell charcoal reduced Fe levels by an average of 61.11% and Mn levels by 88.17%, while rice husk ash 

reduced Fe levels by an average of 35.19% and Mn levels by 52.25%. 

It can be concluded that coconut shell charcoal and rice husk ash can be alternative natural filtration 

media for community-based clean water treatment. However, coconut shell charcoal showed a higher reduction 

compared to rice husk ash. The community is advised to use coconut shell charcoal as a filtration medium for 

well water, as it has been proven effective in reducing Fe and Mn levels. The production of this media can be 

done independently at low cost and in large quantities. Future research is recommended to further explore the 

potential of natural filtration media in improving water quality. 
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INTRODUCTION  

Water is the most vital element in life after air. Approximately 75% of the human body is water, 

and a person cannot survive more than four to five days without water. From a public health perspective, 

the availability of clean water must be sufficient to meet community needs, as limited clean water 

supplies can increase the risk of disease transmission. On average, each person requires approximately 

150 to 200 liters of water per day, equivalent to 34 to 40 gallons. This requirement can vary depending 

on climate conditions, level of prosperity, and community habits (Riskawati & Amir, 2019). 

Globally, 2 billion people need access to clean water with well-managed services, and only 

around 1.2 billion of them receive basic services. 282 million people have inadequate access to services. 

Furthermore, 367 million people depend on unsafe water sources, and 122 million people need water 

treatment plants (IPA) in the Barombong area and the northern part of the city. In addition, the Regional 

Water Company (PDAM) also provides ready-to-drink water services in several locations, such as the 

Barombong and Losari Beach areas, and collaborates with USAID IUWASH Tangguh to improve the 

provision of safe drinking water and sanitation (Riadi et al., 2024). 

Makassar City is a densely populated city with high levels of pollution. The demand for clean 

water is very high, but availability is low due to pollution. The lack of clean water meeting quality 

standards in Makassar City is caused by the high levels of groundwater contamination, such as heavy 

metals, particularly high levels of iron (Fe) and manganese (Mn), with an average Fe content of 0.8 

mg/L and an average manganese content of 1.7 mg/L. The water source most contaminated by iron (Fe) 

and manganese (Mn) is borehole water due to the high industrial activity and urbanization in Makassar 

City, which cause environmental pollution. Improperly managed industrial and household waste can 

seep into the soil and contaminate it with heavy metals such as Fe and Mn (Hoesin, 2022). 

mailto:reskyananresky@gmail.com


According to Regulation of the Minister of Health of the Republic of Indonesia Number 2 of 

2023 concerning Environmental Health, the Water Quality Standard for Hygiene and Sanitation 

Purposes is water used for personal and/or household hygiene purposes with an Iron (Fe) parameter of 

0.2 mg/l and a Manganese (Mn) parameter of 0.1 mg/l (Minister of Health Regulation, 2023). 

One simple solution to address high levels of iron (Fe) in well water is to use coconut shell 

charcoal and rice husk ash as adsorbents to reduce iron (Fe) and manganese (Mn) levels. Both of these 

materials are abundantly available in Indonesia, particularly in Makassar City, and are readily available 

to the public. By utilizing the potential of these local resources, communities can independently address 

water quality issues in their communities. 

One method that can be applied to reduce Fe and Mn levels is through filtration. This method 

uses a filter to separate solids from liquids or gases. In this filtration process, the liquid passes through 

the filter, while the solid particles are retained, resulting in a cleaner liquid. Activated carbon, also 

known as charcoal, is a porous material with a very large surface area that can be used as an adsorbent 

to reduce pollutants in water (Rasid et al., 2024). 

Coconut shells are usually used only as fuel, but they can also be used as activated charcoal to 

purify liquids. In the structure of a coconut, the fiber serves as a protective layer, the shell as a 

framework, the flesh as a food reserve, and the coconut water as a nutrient-rich endosperm fluid. 

Coconut shells are approximately 3–5 mm thick, account for 15–19% of the total weight of the coconut, 

and contain chemical compounds such as cellulose, lignin, and pentosans (Amira et al., 2022). 

Based on research conducted by Syarifuddin (2019), turbidity reduction using rice husk ash 

filtration media. The effectiveness of turbidity reduction in treatment one (13 cm thickness) was 91.7%, 

treatment two (26 cm thickness) was 96.7%, while treatment three (39 cm thickness) was 97.3%, 

meeting drinking water quality requirements. 

Based on research by Rasid et al. (2024), the results of well water testing at TPS 3R Mugirejo, 

Mugirejo Village, Sungai Pinang District, Samarinda, which was tested at the Samarinda City Regional 

Health Laboratory, parameters tested included Iron (Fe), Manganese (Mn), and pH. The control 

filtration results showed that the iron content before treatment was 3.06 mg/L and the manganese 

content was 0.9 mg/L, with 

 

MATERIALS AND METHODS 

This quasi-experimental study assessed the effectiveness of coconut shell charcoal and rice 

husk ash filter media in reducing iron (Fe) and manganese (Mn) levels in clean water. The samples 

tested were before and after treatment. 

 

HASIL  

Based on research conducted at the sampling point of the H. Bahar Princess Boarding House 

in Banta-bantaeng, Rappocini District, Makassar City, where the condition of the yellowish drilled well 

was visible from its physical appearance before processing, the following results were obtained : 

Table 1. Reduction of Fe and Mn Levels Using Coconut Shell Charcoal Media on Day 1

 



Based on table 1, it can be seen that the examination of drilled well water in terms of iron (Fe) 

and manganese (Mn) reduction using a simple filtration tool with coconut shell charcoal media on the 

first day with an average reduction in iron (Fe) parameters of 31.58% and manganese (Mn) of 78.60%. 

Table 2. Reduction of Fe and Mn Levels Using Coconut Shell Charcoal Media on Day 2

 

Based on table 2, it can be seen that the examination of drilled well water in the reduction of 

iron (Fe) and manganese (Mn) using a simple filtration tool with coconut shell charcoal media on the 

second day with an average reduction in iron (Fe) parameters of 49.12% and manganese (Mn) 82.61% 

so that it can be seen that the reduction increased on the second day. 

Table 3. Reduction of Fe and Mn Levels Using Coconut Shell Charcoal Media on Day 3

 

Based on table 3, it can be seen that the examination of drilled well water in the decrease of 

iron (Fe) and manganese (Mn) using a simple filtration tool with coconut shell charcoal media on the 

third day with the highest decrease in Fe (iron) levels occurred in Replication 3, namely 88.89%, while 

the highest decrease in Mn (manganese) also occurred in replication 3, namely 94.62%. The average 

decrease in iron (Fe) parameters was 61.11% and manganese (Mn) 88.17% so it can be seen that the 

highest decrease was on the third day. 

Table 4. Reduction in Fe and Mn Levels Using Rice Husk Ash Media on Day 1

 



Based on table 4, it can be seen that the examination of drilled well water in the reduction of 

iron (Fe) and manganese (Mn) using a simple filtration tool with rice husk ash media on the first day 

with the effectiveness of Fe reduction on the first day was relatively low, with an average of only 

12.95%, and the highest reduction in replication 3, namely 26.32%. The average reduction in iron (Fe) 

parameters was 12.95% and manganese (Mn) was 44.21%. This shows that rice husk ash media is more 

effective in absorbing Mn than Fe on the first day of use. 

Table 5. Reduction in Fe and Mn Levels Using Rice Husk Ash Media on Day 2

 

Based on table 5, the examination of drilled well water for iron (Fe) and manganese (Mn) 

reduction using a simple filtration tool with rice husk ash media on the 2nd day showed an increase in 

the average reduction in iron (Fe) parameters of 26.31% and manganese (Mn) of 46.32%. 

Table 6. Reduction in Fe and Mn Levels Using Rice Husk Ash Media on Day 3

 

Based on table 6, it can be seen that the examination of drilled well water in the reduction of 

iron (Fe) and manganese (Mn) using a simple filtration tool with rice husk ash media on the third day 

experienced a greater reduction compared to the replication of the first and second days with an average 

reduction in the parameters of iron (Fe) 35.19% and manganese (Mn) 52.25%. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 7. Paired t-Test Results for Metal Content Fe and Mn 

 

Table 7 shows the results of a paired t-test to determine whether there was a significant 

difference between the control and treatment groups in Fe and Mn metal levels using two types of 

adsorbent materials: coconut shell charcoal and rice husk. The mean is the average difference between 

the control and treatment. A p-value <0.05 indicates a significant difference. Pairs 1 and 2 (Coconut 

Shell Fe & Mn) showed a highly significant difference (p <0.01), indicating high effectiveness in 

reducing metal levels. Pair 3 (Rice Husk Fe) also showed a significant difference (p = 0.007), although 

not as significant as coconut shell. Pair 4 (Rice Husk Mn): Very significant (p = 0.000), indicating the 

effectiveness of rice husk in absorbing Mn. These results indicate that treatment with natural adsorbents 

can significantly reduce Fe and Mn heavy metal levels in the samples, especially coconut shell charcoal. 

Correlation analysis was conducted to determine the linear relationship between the two groups. The 

correlation coefficient (r) measures the strength and direction of a linear relationship (values close to 1 

or -1 indicate a strong correlation). All pairs had positive correlation values (between 0.32 and 0.46), 

but they were not statistically significant (p > 0.05). This indicates that while there is a positive 

relationship between the control and treatment scores, the relationship is not strong or consistent enough 

to be considered significant. In other words, the difference between the control and treatment is not 

simply linear and may be influenced by other factors 

DISCUSSION 

Based on the table showing the effectiveness of coconut shell charcoal in reducing Fe (Iron) 

and Mn (Manganese) levels on days 1, 2 and 3, where the reduction in coconut shell charcoal on the 

first day (Table 1), it can be seen that Fe levels decreased by an average of 31.58% and Mn by 78.60%. 

The largest decrease for Fe occurred in replication 3 with a value of 52.63%, while Mn was also reduced 

the most in replication 3, namely 88.42%. This shows that filtration began to have a positive impact 

from the first day, especially in reducing Mn levels. On the second day (Table 2), the effectiveness of 

filtration increased. The average reduction in Fe levels reached 49.12% and Mn by 82.61%. The highest 

decrease occurred in replication 3, namely 84.21% for Fe and 92.39% for Mn. This indicates that the 

duration of contact between the water and the coconut shell charcoal media also influences the filtration 

effectiveness. On the third day (Table 3), the filtration process showed the most optimal results. The 

average reduction in Fe levels reached 61.11%, while Mn levels decreased by 88.89% and Mn by 

94.62%. This confirms that the longer the filtration media is used, the greater the reduction in heavy 

metal content in the water. Therefore, the effectiveness of coconut shell charcoal in reducing Fe and 

Mn levels can be seen increasing day by day. Therefore, the use of coconut shell charcoal has great 

potential as a simple filtration solution to reduce heavy metal content in water, especially in areas 

dependent on well water. 

Rice husk ash was used as a comparison to determine the effectiveness of the two simple 

filtration media. On the first day (Table 4), filtration using rice husk ash media showed an average 

decrease in Fe content of 12.95% and Mn of 44.21%. The highest decrease in Fe content occurred in 

replication 3 at 26.32%, while the highest decrease in Mn was also in replication 3 at 66.32%. This 



indicates effectiveness, although still limited. On the second day (Table 5), filtration effectiveness 

increased. The average decrease in Fe content rose to 26.31% and Mn to 46.32%. Replication 3 again 

showed the highest results, namely a decrease in Fe content of 52.63% and Mn of 77.17%. This increase 

indicates that the duration of contact between water and the filtration media has a positive effect on the 

effectiveness of reducing metal content. On the third day (Table 6), there was a further increase in 

filtration effectiveness. The average decrease in Fe content reached 35.19% and Mn by 52.25%. 

Replication 3 remained the most effective, with a 61.11% reduction in Fe and 79.57% in Mn. This 

reinforces the finding that the effectiveness of rice husk ash also increases over time. Filtration using 

rice husk ash showed increasing effectiveness over time in reducing Fe and Mn levels, although the 

reduction was not as optimal as using coconut shell charcoal. Nevertheless, rice husk ash remains a 

potential and environmentally friendly alternative media for filtering heavy metals from well water. 

Based on the results of the paired samples statistical test (paired t-test) conducted to determine 

the effectiveness of coconut shell charcoal and rice husk ash filter materials in reducing Fe (Iron) and 

Mn (Manganese) levels in well water, the first table (Paired Samples Test) shows that all pairs (Pair 1 

to Pair 4) have a significance value (2-tailed Sig.) <0.05, namely 0.001; 0.000; 0.007; and 0.000, 

respectively. This indicates that the difference between the control and post-treatment conditions is 

statistically significant. This means that both coconut shell charcoal and rice husk ash significantly 

reduced Fe and Mn levels in the water. 

The second table (Paired Samples Statistics) shows the mean and standard deviation for each 

group before and after treatment. For example, in Pair 1 (Fe with coconut shell charcoal), Fe levels 

decreased from an average of 18.67 to 9.89. A more drastic decrease was seen in Mn, which decreased 

from 93.33 to 15.78 in Pair 2 (Mn with coconut shell charcoal). A similar trend was observed in the rice 

husk treatment: Fe decreased from 18.67 to 14.11 (Pair 3), and Mn from 93.33 to 38.44 (Pair 4). This 

indicates that both materials are effective, although coconut shell charcoal showed a greater reduction, 

particularly for Mn. 

Meanwhile, the third table (Paired Samples Correlations) shows the correlation between pre- 

and post-treatment data. The correlation values ranged from 0.327 to 0.465, but were not statistically 

significant (Sig. value > 0.05). This indicates that the relationship between metal levels before and after 

treatment was not strong enough, but still provides an indication of the direction of change due to the 

filtration treatment. 

 

CONCLUSIONS AND SUGGESTIONS 

Coconut shell charcoal was less effective in reducing iron (Fe) levels, with an average reduction 

of 61.11%. Because the reduction was less than 80% and the statistical test results were significant, this 

charcoal was categorized as an effective filtration medium. 

Coconut shell charcoal was effective in reducing manganese (Mn) levels, with an average 

reduction of 88.89%. Because the reduction exceeded 80% and the statistical test results were 

significant, this charcoal was categorized as an effective filtration medium. 

Rice husk ash was less effective in reducing iron (Fe) levels, with an average reduction of only 

35.19%. Because the reduction was less than 80%. Although the results were statistically significant, 

the reduction did not meet the effectiveness criteria of ≥ 80%. 

Rice husk ash was less effective in reducing manganese (Mn) levels, with an average reduction 

of 52.25%. Although the results were statistically significant, the reduction did not meet the 

effectiveness criteria of ≥ 80%. However, it still has potential as an alternative, inexpensive and 

environmentally friendly filtration medium. Recommendations for the Community 

The community is advised to use coconut shell charcoal as a filtration medium for drilled well 

water, as it has been proven effective in reducing Fe and Mn levels. Simple filtration devices can be 

built independently at low cost. Furthermore, it is important to regularly check water quality and raise 

awareness of the dangers of heavy metals in water. 

Further research is recommended to explore combinations of filtration media, variations in 

thickness and contact time, and to examine other water quality parameters such as pH and other heavy 

metals. Trials at different locations and cost analyses are also needed to determine the effectiveness and 

sustainability of this method on a large scale. 
 

 



 

BIBLIOGRAPHY 

 

A Syarifudin, I. S. (2019). The Effectiveness of Rice Husk Ash Filters in Reducing Turbidity in 

Martapura River Water. Journal of Environmental Health 15(2), 7-8.  

Adriano, D. (2023). Efektivitas Tray Aerator Dalam Menurunkan Kadar Besi Pada Air Sumur Tanah 

Dalam. Jurnal Teknik Lingkungan. 10(4), 12-15. 

Akbar M. & Magfira A. (2023). The Impact of Plastic Waste on Marine Pollution in Makassar City. 

Sensistek, 6(1), 20-21. 

Amira, A., Utomo, K. P., & Pramadita, S. (2022). Effectiveness of Fe and Mn Reduction Using Coconut 

Fiber and Coconut Fiber Powder Filter Media. Journal of Tropical Environmental 

Engineering, 8(13), 4-5.  

Andari, D., & Riyadi, E. (2022). The Absorption Capacity of Corncob Activated Charcoal as a Filter 

Media to Reduce Iron (Fe) Levels in Water. Journal of Environmental Health, 10(2), 

134–140. 

Aqirah, N. (2024). The Effectiveness of Ceramic Filter Media in Reducing Fe and Mn Levels in 

Groundwater. Makassar: Makassar Health Polytechnic, Ministry of Health 

Arifin, Z., Putra Utama, S., Mustopa, M., & Harini Bertham, Y. (2022). Variation in the Thickness of 

Cassava Peel and Durian Peel Waste to Reduce Iron (Fe) and Manganese (Mn) Levels 

in Dug Well Water. Indonesian Professional Sanitation Journal, 3(2), 17-18 

Aronggear, T. E., Supit, C. J., & Mamoto, J. D. (2019). Analysis of the Quality and Quantity of Clean 

Water Use at PT. Air Manado, Wenang District. Journal of Civil Statics, 7(12), 1625–

1632.  

Badan Pusat Statistik (2022). Housing and Environmental Health Indicators 2022. Indonesia 

http//www.bps.go.id/publication/2022/12/21/statistik-air-bersih-2018-2022.htmla 

Bambang Cahyo, D. M. (2018). Separation Methods for Natural Materials: Theoretical and 

Experimental Aspects. Semarang: PT. Kompas Ilmu. 

Harum Rasidi, D. M. (2023). Free Clean Water. Bandung: Widina Media Utama. 

Haryono, S. M. (2021). Reactive Filtration to Reduce Manganese Levels in Well Water. Jogjakarta: 

Poltekkes Jogjakarta Pres. 

Hidayati, S., & Suryati, N. (2021). Utilization of Kepok Banana Peel Charcoal Filters to Reduce Iron 

(Fe) and Manganese (Mn) Levels in Lake Water. Journal of Civil Engineering, 

Mulawarman University, 10(1), 35–42. Retrieved from https://e-

journals.unmul.ac.id/index.php/TS/article/view/2160 

Hoesin, M. (2022). Our Body's Daily Fluid Needs. Journal of the Ministry of Health, Directorate 

General of Health Services. 3(3), 105-106  

Indrawati, E., & Susanti, H. (2021). The Effectiveness of Rice Husk Ash in Reducing Iron and 

Manganese Content in Well Water. Journal of Environmental Engineering, 15(1), 45–

53. 

Iskandar, A., Nuraini, D., & Ramadhan, T. (2019). Characterization of Rice Husk Ash as a Heavy Metal 

Adsorbent. Journal of Chemistry and the Environment10(3), 150–158. 

Muhammad Rasid, V. P. (2024). Effectiveness of Coconut Shell Activated Charcoal Mesh Size 

Variations in Reducing Fe and Mn Levels in Well Water Using Filtration Method. 

Journal of Environmental Technology and Health, 6(1) 12-13 

Nazar Yuniar, M. (2023). Classification of Clean Water Quality Using the Naive Baiyes Method. Journal 

of Science and Technology, 5(1), 243–246. https://doi.org/10.55338/saintek.v5i1.1383 

Ningrum, C. (2019). Utilization of Filtration for Manganese Reduction. Yogyakarta: Maria Harianja. 

Nova Sintia Bokau, E. B. (2019). Synthesis of Silica-Modified Chitosan Membrane from 

Rice Husk Ash for Decolorization Process. Journal of Chemical Sciences, 3(1) 5-6. 

Permenkes (2023). Community of Muhammadiyah University of East Kalimantan. Effectiveness of 

Coconut Shell Activated Charcoal Mesh Size Variations to Reduce Iron (Fe) and 

Manganese (Mn) Levels in Well Water Using Filtration Method. Journal of Wetland 

Environmental Technology,12(4), 9-10.   



Rendyta Silvia Wahyuningtias, P. T. (2019). The Difference in Thickness of Rice Husk Charcoal Media 

on the Reduction of Manganese (Mn) Levels in Clean Water. Journal of Health 

Research, Ministry of Health Polytechnic11(2), 157-158. 

Riadi, S., Sabar, H., Pramana, A., Basri, P., & Yusri, F. (2024). Makassar, a World City Facing a Water 

Crisis. Makassar: Indonesia's Environmental Forum (WALHI). 

Riskawati, R., & Amir, H. M. (2019). The Effectiveness of Rice Husk Charcoal in Reducing Iron (Fe) 

Levels in Borehole Water in Padangloang Village, Pinrang Regency. 1(1), 2614–3151.  

Salim, M. A. (2019). Water Demand and Availability Analysis. Construction Journal, 20(2), 52-53  

Sukristiyono, S., Purwanto, R. H., Suryatmojo, H., & Sumardi, S. (2021). Analysis of Water Quantity 

and Quality in the Development of River Water Resources Utilization in the Wain River 

Protected Forest Area. Journal of Regions and Environment, 9(3),  239–255. 

Triana, Y. (2023). The Effectiveness of a Combination of Zeolite and Activated Carbon Media on 

Reducing Fe and Mn in Well Water. Indonesian Journal of Environmental Health, 

12(2), 75–83 

Utami, S., & Fauziah, N. (2020Utilization of Rice Husk Ash as an Adsorbent for Fe Ions in Industrial 

Wastewater. Journal of Environmental Technology, 21(2), 110–118. 

Regulation of the Minister of Health of the Republic of Indonesia Number 2 of 2023. 

Prasetyo, D., & Nugroho, H. (2023). Effectiveness of Coconut Shell Activated Charcoal Mesh Size 

Variations in Reducing Iron (Fe) and Manganese (Mn) Levels in Well Water Using 

Filtration Method. Untan Environmental Engineering Journal, 9(2), 88–96.  

Rasid, M., Pramaningsih, V., Isworo, Y. 2024. Environmental Health Studies Faculty of Health 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 


