
Journal of Information Systems Engineering and Management 
2025, 10(54s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 956 Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons 

Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 

properly cited. 

 

Optimization of Temperature and Heating Duration of 
Giant African Snail (Achatina Fulica) Shells as Natural 

Adsorbents to Improve the Water Quality of The Kahayan 
River 

 
Diharyo1, Achmad Imam Santoso1*, Rudy Yoga Lesmana1, Dhymas Sulistyono Putro1, Gusti Iqbal Tawakal1, 

Rida Respati2
, Rawing Rambang3

 

1Environmental Engineering Study Program, Faculty of Engineering, Universitas Muhammadiyah Palangkaraya, Jl. RTA 
Milono Km 1.5, Palangka Raya 73111, Central Kalimantan, Indonesia 

2Civil Engineering Study Program, Faculty of Engineering, Universitas Muhammadiyah Palangkaraya, Jl. RTA Milono 
Km 1.5, Palangka Raya 73111, Central Kalimantan, Indonesia 

3Indonesian Palm Oil Association (GAPKI), Central Kalimantan Chapter, Jl. C. Bangas, Palangka Raya 73111, Central 
Kalimantan, Indonesia 

*Corresponding Author: Achmad Imam Santoso 
*Email: diharyo@umpr.ac.id 

 

 

INTRODUCTION 
 
Water quality has become a critical issue in many regions around the world, including Indonesia. The Kahayan 
River, one of the major natural resources in Central Kalimantan, faces significant challenges in maintaining its 
water quality. Factors such as pollution from domestic, industrial, and agricultural waste, as well as the 
degradation of natural ecosystems, often lead to water contamination by various harmful substances, including 
ammonia and turbidity. Contaminated water poses a threat to human health and aquatic ecosystems, 
necessitating effective solutions to address these issues (Bustomi, 2020). 
Ammonia is one of the common pollutants found in contaminated water, especially in rivers receiving waste 
from domestic and industrial activities. Ammonia can deteriorate water quality by reducing dissolved oxygen 
levels, negatively affecting aquatic life. Additionally, high water turbidity diminishes water quality by 
obstructing sunlight penetration and hindering photosynthesis, which is essential for aquatic organisms. 
Therefore, water treatment to reduce ammonia and turbidity is crucial for maintaining ecosystem balance and 
human health (Kwami et al., 2019). 
Furthermore, the presence of the Giant African Snail (Achatina Fulica) as a pest is also a problem for the 
surrounding community. These snails can reproduce rapidly, damage crops, and cause economic losses for 
farmers. However, many people are unaware of the potential of snail shells to be utilized for other purposes, 
such as in water treatment. Abundant snail shells can serve as natural materials to adsorb various substances, 
including ammonia, in water. Utilizing snail shells as natural adsorbents offers an effective solution while 
simultaneously reducing the number of pests in the environment (Suquet et al., 2021). 
This study aims to examine the potential of heated snail shells as natural adsorbents to address water quality 
issues in the Kahayan River. In this research, snail shells will undergo several heat treatments to determine the 
most effective temperature and duration for improving water quality. Heating the snail shells is expected to 
enhance their ability to adsorb ammonia, reduce turbidity, and increase water pH (Mahdavi et al., 2017). 
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This research aims to test the potential of heated snail shells to be used as a natural 
adsorbent in overcoming water quality problems in the Kahayan River. In this 
research, snail shells will go through several heating treatments to find the most 
effective temperature and heating duration for improving water quality. Heating snail 
shells is expected to increase their ability to adsorb ammonia, reduce turbidity, and 
increase water pH. The results of this research were that the pH increased significantly 
after mixing Kahayan River water with snail shells. Heating the snail shell did not have 
a significant effect on the increase in pH. An increase in temperature can increase the 
loss of ammonia in the form of gas or NH3 so that its solubility in water will decrease. 
In the TDS concentration, there was an increase with the heating of the snail shell, but 
there was a decrease in the increase in TDS due to changes in the concentration of the 
substances contained therein. 
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The significance of this research lies in combining two aspects: utilizing abundant materials as a solution for 
water pollution problems and promoting eco-friendly water treatment. By using snail shells as natural 
adsorbents, it is hoped to find a water treatment method that is more affordable, accessible, and 
environmentally friendly. This study aims to contribute positively to water quality management in the Kahayan 
River and mitigate existing pollution impacts (Etemadi et al., 2021). 
Therefore, this research seeks to evaluate the effectiveness of heating snail shells in improving water quality by 
analyzing parameters such as pH, turbidity, and ammonia levels. By utilizing snail shells as natural adsorbent 
materials, this study is expected to provide a more environmentally friendly and accessible solution for 
addressing water quality issues in the Kahayan River. 
 

METHODOLOGY 
 
This study began with the collection of abundant snail shells from areas surrounding the Kahayan River. The 
snail shells were cleaned to remove any attached impurities and then ground into a fine powder with a mesh 
size of 100 to increase their surface area. The ground shells were subsequently dried at 60°C for 3 hours to 
reduce their moisture content before undergoing heat treatment. The treated snail shells were then divided 
into four treatment groups to be tested under different heating conditions: no heating (0 hours at 300°C), 
heating for 1 hour at 300°C, heating for 2 hours at 300°C, and heating for 3 hours at 300°C. After the heat 
treatments, the samples were tested using the jar test method with 250 mL of water from the Kahayan River. 
The parameters analyzed in this study included pH, turbidity, and ammonia levels to evaluate the effectiveness 
of snail shells in water treatment. 
 

RESULTS & DISCUSSION 
 
A significant increase in pH was observed after mixing the Kahayan River water with snail shells (Putro & 
Santoso, 2022; Santoso & Putro, 2020). However, the heat treatment of the snail shells did not significantly 
affect the observed pH increase (Ouafi et al., 2024). In principle, an increase in temperature inversely correlates 
with pH elevation. This occurs because higher temperatures accelerate the dissociation of water into hydrogen 
ions (H⁺) and hydroxide ions (OH⁻). The increase in hydrogen ions subsequently lowers the pH. Therefore, the 
higher the temperature of the snail shells mixed with the Kahayan River water, the lower the resulting pH 
(Närhi et al., 2022). 
 

Table 1 Results of pH Level Testing 

Treatment Initial pH Post-Treatment pH Increase (%) 

Heating for 0 Hours 5.84 8.02 37.33 

Heating for 1 Hours 5.84 8.00 36.99 

Heating for 2 Hours 5.84 7.70 31.85 

Heating for 3 Hours 5.84 7.45 27.57 

The presence of carbon dioxide (CO₂) in the Kahayan River water can influence the pH. Higher temperatures 
increase the solubility of carbon dioxide, which can react to form carbonic acid (H₂CO₃) (Yang et al., 2022). 
Additionally, temperature has the potential to affect microbial activity and other chemical reactions in the 
water, which can produce either acids or bases. At higher temperatures, microorganisms generate organic acids 
or decompose organic matter more rapidly, which tends to inhibit the increase in pH of the Kahayan River 
water caused by the addition of snail shells (Ovuoraye et al., 2022; Senthilkumar et al., 2024). Across all four 
treatments, the pH increase was observed to approach neutral pH, which is approximately 7.. 
 

Table 2 Results of Ammonia Level Testing 

Treatment 
Initial Ammonia 
(mg/L) 

Post-Treatment Ammonia 
(mg/L) 

Increas (%) 

Heating for 0 Hours 0.8 0.4 50 

Heating for 1 Hours 0.8 0 100 

Heating for 2 Hours 0.8 0 100 

Heating for 3 Hours 0.8 0 100 
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Ammonia in the Kahayan River water has negative impacts on human health, such as digestive tract disorders, 
respiratory issues, and skin irritation. Therefore, it is essential to reduce the concentration of ammonia in the 
Kahayan River water (Brito et al., 2025; Guillen-Burrieza et al., 2023). Naturally, ammonia can dissipate in the 
Kahayan River water. An increase in temperature can enhance the loss of ammonia in the form of gas (NH₃), 
thereby reducing its solubility in water (Eljamal et al., 2022; Kumar et al., 2021; Li et al., 2022). This 
phenomenon was observed in the study results following the heat treatment of snail shells. The heat treatment 
proved to be highly effective in reducing ammonia levels. With 1-hour heating, ammonia levels decreased by 
50%, and a 100% reduction was achieved with 2 and 3 hours of heating. 
 

Table 3 Results of TDS (Total Dissolved Solids) Testing 

Treatment Initial TDS (mg/L) 
Post-Treatment TDS 
(mg/L) 

Increas 
(%) 

Heating for 0 Hours 16 121 656,25 

Heating for 1 Hours 16 121 656,25 

Heating for 2 Hours 16 74 362,50 

Heating for 3 Hours 16 68 325,00 

 
The concentration of Total Dissolved Solids (TDS) can affect human health. High TDS levels can cause health 
issues such as skin irritation, digestive disorders, and heavy metal poisoning, whereas low TDS levels can lead 
to deficiencies in essential minerals, disrupt the body's electrolyte balance, and alter the taste of water 
(McCleskey et al., 2023; Rangseesuriyachai et al., 2024). High temperatures can increase the solubility of 
dissolved solids; however, they may also affect TDS measurements due to changes in the water's electrical 
conductivity (Forhad et al., 2024). Therefore, TDS measurements should consider temperature to obtain more 
accurate results. As temperatures rise, water tends to dissolve more solids (such as salts, minerals, and other 
compounds) (Songpayome et al., 2024). This can cause an increase in TDS levels, even though the total amount 
of dissolved solids remains constant, as these compounds are more soluble at higher temperatures. 
Additionally, if water evaporates at high temperatures, TDS levels will increase because the volume of water 
decreases while the amount of dissolved solids remains unchanged (Devesa & Dietrich, 2018; Patra, dos Santos 
Ribeiro, Yirga, Puchala, et al., 2024). This results in a higher concentration of dissolved solids, potentially 
leading to increased TDS readings. 
 

 
Figure 1 Graph of pH Levels, Ammonia, and TDS Results 

 
The research results showed an increase in TDS concentration across all treatments. The differences observed 
were in the magnitude of the TDS concentration increase. Higher heating temperatures of the snail shells 
tended to result in lower increases in TDS concentration. This is because prolonged heating of the snail shells 
affects the concentration of substances contained within them (Patra, dos Santos Ribeiro, Yirga, Sonibare, et 
al., 2024). 
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CONCLUSION 
 
The conclusions drawn from this study are as follows: A significant increase in pH was observed after mixing 
the Kahayan River water with snail shells. Heat treatment of the snail shells did not have a significant impact 
on the observed pH increase. Higher temperatures enhanced the loss of ammonia in the form of gas (NH₃), 
thereby reducing its solubility in water. For TDS concentration, an increase was observed with the heat 
treatment of snail shells; however, a subsequent reduction in the TDS increase occurred due to changes in the 
concentration of substances contained within the shells. 
 

REFERENCES 
 
1. Brito, F. S. L., Lebron, Y. A. R., Moravia, W. G., & Amaral, M. C. S. (2025). Integration of two-stage 

membrane distillation and fenton-based process for landfill leachate treatment: Ammonia and water 

recovery and advancement towards zero liquid discharge. Separation and Purification Technology, 353. 

https://doi.org/10.1016/j.seppur.2024.128430 

2. Bustomi, A. (2020). Pengolahan dan Pemanfaatan Limpahan Air Sungai Sahang sebagai Air Bersih Untuk 

Keperluan Laboratorium Teknik Kimia Jurusan Teknik Kimia Politeknik Negeri Sriwijaya. Jurnal 

Pengelolaan Laboratorium Pendidikan, 2(2), 80–88. 

https://doi.org/https://doi.org/10.14710/jplp.2.2.80-88 

3. Devesa, R., & Dietrich, A. M. (2018). Guidance for optimizing drinking water taste by adjusting 

mineralization as measured by total dissolved solids (TDS). Desalination, 439, 147–154. 

https://doi.org/10.1016/j.desal.2018.04.017 

4. Eljamal, O., Eljamal, R., Maamoun, I., Khalil, A. M. E., Shubair, T., Falyouna, O., & Sugihara, Y. (2022). 

Efficient treatment of ammonia-nitrogen contaminated waters by nano zero-valent iron/zeolite 

composite. Chemosphere, 287. https://doi.org/10.1016/j.chemosphere.2021.131990 

5. Etemadi, H., Qazvini, H., & Shokri, E. (2021). Effect of coagulation treatment on antifouling properties of 

PVC nanocomposite membrane in a submerged membrane system for water treatment. Water Science and 

Engineering, 14(4), 295–303. https://doi.org/10.1016/J.WSE.2021.08.010 

6. Forhad, H. M., Uddin, M. R., Chakrovorty, R. S., Ruhul, A. M., Faruk, H. M., Kamruzzaman, S., Sharmin, 

N., Jamal, A. S. I. M., Haque, M. M. U., & Morshed, A. M. (2024). IoT based real-time water quality 

monitoring system in water treatment plants (WTPs). Heliyon, 10(23). 

https://doi.org/10.1016/j.heliyon.2024.e40746 

7. Guillen-Burrieza, E., Moritz, E., Hobisch, M., & Muster-Slawitsch, B. (2023). Recovery of ammonia from 

centrate water in urban waste water treatment plants via direct contact membrane distillation: Process 

performance in long-term pilot-scale operation. Journal of Membrane Science, 667. 

https://doi.org/10.1016/j.memsci.2022.121161 

8. Kumar, L., Kaur, R., & Sharma, J. (2021). The efficiency of zeolites in water treatment for combating 

ammonia – An experimental study on Yamuna River water & treated sewage effluents. Inorganic 

Chemistry Communications, 134. https://doi.org/10.1016/j.inoche.2021.108978 

9. Kwami, C. S., Godfrey, S., Gavilan, H., Lakhanpaul, M., & Parikh, P. (2019). Water, sanitation, and 

hygiene: Linkages with stunting in rural Ethiopia. International Journal of Environmental Research and 

Public Health, 16(20). https://doi.org/10.3390/ijerph16203793 

10. Li, Y., Zhou, Y., Gu, Y., Chen, B., Wang, B., Yan, J., Liu, J., Chen, F., Zhao, D., & Liu, X. (2022). Improving 

surface wettability and adhesion property of polytetrafluoroethylene by atmospheric-pressure ammonia 

water-mixed plasma treatment. Vacuum, 196. https://doi.org/10.1016/j.vacuum.2021.110763 

11. Mahdavi, M., Ebrahimi, A., Azarpira, H., Tashauoei, H. R., & Mahvi, A. H. (2017). Dataset on the spent 

filter backwash water treatment by sedimentation, coagulation and ultra filtration. Data in Brief, 15, 916–

921. https://doi.org/10.1016/J.DIB.2017.10.062 

12. McCleskey, R. B., Cravotta, C. A., Miller, M. P., Tillman, F., Stackelberg, P., Knierim, K. J., & Wise, D. R. 

(2023). Salinity and total dissolved solids measurements for natural waters: An overview and a new 

salinity method based on specific conductance and water type. Applied Geochemistry, 154. 

https://doi.org/10.1016/j.apgeochem.2023.105684 



Journal of Information Systems Engineering and Management 
2025, 10(54s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 960 Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons 

Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 

properly cited. 

 

13. Närhi, F., Moonesinghe, S. R., Shenkin, S. D., Drake, T. M., Mulholland, R. H., Donegan, C., Dunning, J., 

Fairfield, C. J., Girvan, M., Hardwick, H. E., Ho, A., Leeming, G., Nguyen-Van-Tam, J. S., Pius, R., Russell, 

C. D., Shaw, C. A., Spencer, R. G., Turtle, L., Openshaw, P. J. M., … Young, P. (2022). Implementation of 

corticosteroids in treatment of COVID-19 in the ISARIC WHO Clinical Characterisation Protocol UK: 

prospective, cohort study. The Lancet Digital Health, 4(4), 220–234. https://doi.org/10.1016/S2589-

7500(22)00018-8 

14. Ouafi, R., Haldhar, R., Mehdaoui, I., Asri, M., AlObaid, A. A., Warad, I., Taleb, M., Rais, Z., & Kim, S. C. 

(2024). Waste snail shells-derived mixed oxide catalyst for efficient transesterification of vegetable oil: 

Towards sustainable biodiesel production. Materials Today Communications, 39. 

https://doi.org/10.1016/j.mtcomm.2024.109128 

15. Ovuoraye, P. E., Ugonabo, V. I., Tahir, M. A., & Balogun, P. A. (2022). Kinetics-driven coagulation 

treatment of petroleum refinery effluent using land snail shells: An empirical approach to Environmental 

sustainability. Cleaner Chemical Engineering, 4, 100084. https://doi.org/10.1016/j.clce.2022.100084 

16. Patra, A. K., dos Santos Ribeiro, L. P., Yirga, H., Puchala, R., & Goetsch, A. L. (2024). Influence of the 

concentration and nature of total dissolved solids in brackish groundwater on water intake, nutrient 

utilization, energy metabolism, ruminal fermentation, and blood constituents in different breeds of 

mature goats and sheep. Science of the Total Environment, 907. 

https://doi.org/10.1016/j.scitotenv.2023.167949 

17. Patra, A. K., dos Santos Ribeiro, L. P., Yirga, H., Sonibare, A. O., Askar, A. R., Hussein, A. H., Puchala, R., 

& Goetsch, A. L. (2024). Effects of the concentration and nature of total dissolved solids in drinking water 

on feed intake, nutrient digestion, energy balance, methane emission, ruminal fermentation, and blood 

constituents in different breeds of young goats and hair sheep. Animal Nutrition, 16, 84–95. 

https://doi.org/10.1016/j.aninu.2023.10.002 

18. Putro, D. S., & Santoso, A. I. (2022). Dampak Penerapan Protokol Kesehatan Coronavirus Disease 

(COVID-19) Mencuci Tangan Terhadap Kualitas Air Permukaan Kota Palangkaraya Pada Era New 

Normal. Dinamika Lingkungan Indonesia, 9(1), 45–49. https://doi.org/10.31258/dli.9.1.p.45-49 

19. Rangseesuriyachai, T., Pinpatthanapong, K., Boonnorat, J., Jitpinit, S., Pinpatthanapong, T., & 

Mueansichai, T. (2024). Optimization of COD and TDS removal from high-strength hospital wastewater 

by electrocoagulation using aluminium and iron electrodes: Insights from central composite design. 

Journal of Environmental Chemical Engineering, 12(1). https://doi.org/10.1016/j.jece.2023.111627 

20. Santoso, A. I., & Putro, D. S. (2020). Efektivitas Cangkang Hama Bekicot (Achatina fulica) Sebagai 

Adsorben Untuk Meningkatkan Kualitas Air Sungai Kahayan. Serambi Engineering, V(4). 

https://doi.org/https://doi.org/10.32672/jse.v5i4.2336 

21. Senthilkumar, M., Ramachandran, S. K., Servarayan, K. L., Periyasamy, A., Sivasamy, V. V., & Sundaram, 

E. (2024). Isolation of chitosan and hydroxyapatite from waste edible white garden snail shells and their 

sensing applications towards industrial Congo red dye detection: Greener approach. International Journal 

of Biological Macromolecules, 275. https://doi.org/10.1016/j.ijbiomac.2024.133483 

22. Songpayome, P., Sutin, S., Sukmak, W., Wanthong, U., Limchoowong, N., Sricharoen, P., & Musik, P. 

(2024). A prototype pond water management system (dissolved oxygen, pH and temperature) for giant 

freshwater prawn farming in Pak Phanang, Southern Thailand. Heliyon, 10(10). 

https://doi.org/10.1016/j.heliyon.2024.e31231 

23. Suquet, J., Godo-Pla, L., Valentí, M., Ferràndez, L., Verdaguer, M., Poch, M., Martín, M. J., & Monclús, H. 

(2021). Assessing the effect of catchment characteristics to enhanced coagulation in drinking water 

treatment: RSM models and sensitivity analysis. Science of The Total Environment, 799, 149398. 

https://doi.org/10.1016/J.SCITOTENV.2021.149398 

24. Yang, Z., Zou, L., Xia, J., Qiao, Y., Bai, F., Wang, Q., & Cai, D. (2022). Spatiotemporal variation 

characteristics and source identification of water pollution: Insights from urban water system. Ecological 

Indicators, 139. https://doi.org/10.1016/j.ecolind.2022.108892 




