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1. Introduction  

Water is essential to all biological and human activities, including industrial processes, 
agriculture, and production [1]. Water is generally accepted as an unlimited natural resource 
available [2]. Although freshwater is often considered an unlimited resource due to the hydrological 
cycle, freshwater availability is unevenly distributed. Over 70% of the Earth's surface is covered by 
water, but over 97% is saltwater, leaving less than 0.007% of freshwater accessible for domestic use 
[3], [4]. 

Natural water sources contain dissolved minerals, organic matter, and various contaminants, 
including NO₂⁻ and NO₃⁻ from agricultural and domestic waste [5]. Household wastewater, 
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 This research was conducted to evaluate the effectiveness of a 
distillation device in producing clean water from five major rivers in 
Yogyakarta, namely the Progo, Oyo, Opak, Gajah Wong, and Code 
Rivers. The distillation process utilizes an organic waste combustion 
system as a heat source to generate water vapor from river water, which 
is then condensed into liquid form. This method not only aims to 
produce clean water but also to promote sustainable practices by 
utilizing readily available organic waste as fuel. The study analyzed the 
resulting distilled water based on physicochemical and microbiological 
parameters in accordance with the clean water quality standards set by 
the Indonesian Ministry of Health. Parameters such as pH, turbidity, 
mineral content, total dissolved solids (TDS), and microbial 
contamination were measured. The results indicated that the distillation 
device was capable of producing water that met several clean water 
criteria, though variations in distillation efficiency were observed 
across river sources. These inconsistencies were mainly attributed to 
factors such as leakage in the device, fluctuations in combustion 
temperature, and differences in the initial water quality of each river. 
Furthermore, the distillation process significantly altered certain 
chemical characteristics, including a reduction in mineral content and 
shifts in pH values. In conclusion, while the distillation method shows 
potential as a viable alternative for clean water production, especially 
in rural or resource-limited areas, further improvements in system 
stability and design optimization are needed to enhance its consistency 
and overall effectiveness. 
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including used bathing and laundry water, contributes to pollution, rendering water unsafe for 
consumption [6]. Treatment processes are necessary to ensure safe drinking water. Raw water, 
sourced from surface or groundwater, undergoes purification to meet quality standards set by 
regulations such as Permenkes No. 492/2010 and PP No. 122/2015 [7], [8]. 

Various purification methods produce potable water, including chemical, physical, and 
bacteriological treatments [9], [10]. Distillation is a widely recognized technique miming the natural 
water cycle by evaporating and condensing water to remove impurities. Solar water distillation 
offers a sustainable approach to wastewater treatment, effectively producing clean drinking water 
[11], [12]. Other technologies that have been developed include multiple-effect evaporation, 
membrane distillation, and hybrid desalination systems [13].  MSF, widely used in large-scale 
desalination, is often integrated with power plants for efficiency, while RO and EDI provide high-
purity water for industrial and domestic applications [14], [15].  

Alternative distillation technologies, such as Multi-Effect Distillation (MED) and hybrid 
desalination systems, are gaining prominence due to improved efficiency and sustainability [16]. 
MED, in particular, is expected to play a more significant role in future desalination due to its lower 
energy requirements than MSF [17], [18], [19]. Water quality is strongly influenced by chemical 
factors, such as pH, ammonia, sulfate, hardness, metals, and nitrate or nitrite compounds, as well as 
other physical factors, including current speed, brightness, depth, color, turbidity, salinity, and TDS 
(Total Dissolved Solids) or TSS (Total Suspended Solids) [20], [21]. 

Various water treatment methods ensure clean and safe drinking water, with distillation being 
one of the most effective techniques [22], [23]. Given the growing demand for clean water and the 
uneven distribution of freshwater resources, distillation offers a viable solution, especially in regions 
with limited conventional water treatment facilities. This study explores the effectiveness of 
distillation in producing clean water from river sources, emphasizing its potential for sustainable 
water purification in underserved areas [24], [25].In regions lacking adequate clean water access, 
distillation remains a viable solution. This study aims to evaluate the effectiveness of a distillation 
device in producing clean water from five different rivers, namely the Progo, Oyo, Opak, Gajah 
Wong, and Code Rivers.  

2. Research Methodology 

2.1. Materials 

This study uses river water from 5 different types of rivers, namely the Progo River with the 
collection coordinates (-7.841223,110.225090), the Oyo River with the coordinates (-7.945905,110. 
426776), Opak River with coordinate point (-8.010091,110.291764), elephant wong river with 
coordinate point (-7.847882,110.395759), and Code river with coordinate point (-
7.892624,110.388313). 

2.2. Procedures 

Research procedures are written in this part. 

1) Water Sample Collection 

This study collected water samples from five rivers: Progo, Oyo, Opak, Gajah Wong, and Code. 
Each sample was taken in a volume of 10 liters and stored at a temperature of 4°C to prevent 
microbial growth and contamination before testing. 

2) Distillation Process 

The distillation process uses a combustion system fueled by organic waste, as shown in Fig. 1. 
The setup includes a boiler, combustion chamber, condenser, and distillate collection system. Raw 
water is heated in a sealed boiler using controlled combustion of materials like wood shavings and 
agricultural residues, with a fuel-to-water ratio of 1 kg per 3 liters evaporated. As the water heats 
above 100°C, it turns to steam, separating from contaminants such as dissolved solids, heavy metals, 
and microbes. The steam is then cooled in a condenser using river water, forming purified water that 
is collected for further analysis. 
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Fig. 1. Design of distillation apparatus. Process design of the Distillation model (left) and the organic waste 

combustion-based distillation equipment unit (right) 

3) Water Quality Testing 

After distillation, the purified water undergoes comprehensive quality testing to ensure its safety 
and compliance with drinking water standards. The testing is conducted at the UPT Health 
Laboratory in Yogyakarta, Sisingamangaraja Street No. 21, Brontokusuman, Mergangsan, 
Yogyakarta. The analysis includes physico-chemical and microbiological parameters based on 
PERMENKES RI No. 32 Tahun 2017. The physicochemical analysis evaluates parameters such as 
pH, turbidity, total dissolved solids (TDS), nitrate (NO₃⁻), nitrite (NO₂⁻), iron (Fe), manganese (Mn), 
cyanide (CN), and other chemical contaminants. The methods used for this testing follow 
Indonesian National Standards (SNI), APHA, and other established analytical techniques in Table 1. 

Table 1.  Parameters and methods used in physicochemical testing 

Chemical, Physical, and Biological Tests 

Parameter Test Methods 

Odor Organoleptic 

pH Potentiometry 

Iron (Fe) SNI 6989.4-2009 

Manganese (Mn) SNI 6989.5-2009 

Fluoride (F) SNI 06-6989.29-2009 

Nitrate (as NO3-N) APHA 2017. Section 4500-NO3 B 

Nitrite (as NO2-N) SNI 06-6989.9-2004 

Total Hardness (CaCO3) SNI 06-6989.12-2004 

Flavor Organoleptic 

Color Photometry 

Turbidity SNI 06-6989.25-2005 

Temperature SNI 06-6989.23-2005 

Total coliform APHA 2017. Section 9222 -J 

E-Coli APHA 2017. Section 9222 -J 

TDS Potentiometry 

Cyanide (CN) 002/SOP.V/LK-KY/VII/2022 

Detergent 001/SOP.V/LK-KY/VII/2022 

 

Additionally, microbiological testing is performed to determine the presence of harmful 
microorganisms. This includes Total Coliforms and Escherichia coli (E. coli). The microbial tests 
adhere to APHA, SNI, and ISO standards, ensuring that the distilled water meets national health 
regulations for safe consumption.  
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3. Results and Discussion 

3.1. Organoleptic Test 

Organoleptic tests were conducted on the odor and taste of pure river water and distillate water 
samples. Based on the test results, river and distillate water showed colorless and odorless 
characteristics. These results are based on the applicable clean and drinking water quality standards. 
Drinking water quality standards in SNI 01-3533-2006 and PP Number 12 of 2015. Table 2 shows 
the results of organoleptic tests conducted on river and distillate water. 

Table 2.  An organoleptic test was conducted to check the odor and taste of river water and distillate water 

River Water Type Parameter 
Test Result Quality Standard 

Before After Clean Water Drinking Water 

Gajah Wong 

Odor 

No Odor No Odor 

No Odor No Odor 

Code No Odor No Odor 

Progo No Odor No Odor 

Oyo No Odor No Odor 

Opak No Odor  No Odor 

Gajah Wong 

Taste 

Flavorless Flavorless 

Flavorless Flavorless 

Code Flavorless Flavorless 

Progo Flavorless Flavorless 

Oyo Flavorless Flavorless 

Opak Flavorless Flavorless 

 

Distillation does not alter the taste or odor of water because it effectively removes dissolved 
impurities, such as minerals, organic compounds, and contaminants, through phase separation. Since 
only pure water vapor is condensed into liquid form, volatile substances responsible for taste and 
odor are left in the boiling chamber [26].  

3.2. pH Test 

Based on the test results, it can be concluded that the pH of river water conditions before 
distillation shows that it is within the quality standards of clean water in the form of 6.5-9.0 and 
drinking water in the form of 6.5-8.5. Instead, the results are inversely proportional when the water 
has been distilled and tends to have a pH below the quality standards of clean water and river water, 
which is below 6.5, which means that this is not by existing standards. The distilled water's pH 
below the clean water quality standard is caused by the distillation process, which can produce a 
lower pH. This is because the distillation process removes impurities and dissolved solids, which 
can sometimes cause the pH to be slightly acidic if the distilled water absorbs carbon dioxide from 
the air, forming carbonic acid.  

This is reflected in the analysis, where the pH value varies and can be lower than the standard 
[27].To raise the pH of water that has dropped, several methods can be used, including the addition 
of chemicals such as sodium bicarbonate to neutralize acidity [28], aeration to reduce dissolved 
carbon dioxide (CO₂) gas that causes low pH, and the use of alkaline filters that can add minerals 
such as calcium and magnesium to the water. The selection of these methods needs to be tailored to 
the condition of the water and its intended use [29]. Distilled water is highly pure and lacks 
dissolved minerals, making it more susceptible to absorbing carbon dioxide (CO₂) from the air. 
When CO₂ dissolves in water, it reacts to form carbonic acid (H₂CO₃), slightly lowering the pH of 
the distilled water [30], [31]. 

3.3. Iron Content Test (Fe) 

Humans need iron to form hemoglobin, which can damage the intestinal wall if consumed in 
large amounts. If the iron level in water is more than 1 mg/l, it will irritate the eyes and skin. The 
water will smell like rotten eggs if the iron level exceeds 10 mg/l [32]. Iron levels in river water and 
distillate water. 

The iron content test is conducted to see how much iron is dissolved in water. Based on quality 
standards, iron content in clean water is a maximum of 1 mg/L, while in drinking water, it is a 
maximum of 0.3 mg/L. After distillation, iron content decreases because Fe primarily exists in water 
as dissolved ions or particulate matter, which do not evaporate during the process. Instead, these 
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impurities remain as residue in the boiling chamber, preventing them from being carried into the 
distilled water. Based on the test results obtained in Table 3, distillate water has Fe levels below the 
quality standards for clean water and drinking water listed in PERMENKES RI NO.32 TAHUN 
2017. 

Table 3.  Iron levels in river water and distillate water 

River Water Type Parameter 
Test Result Quality Standard 

Before After Clean Water Drinking Water 

Gajah wong 

Iron (Fe) 

0.034 <0.009 

1 0.3 

Code 0.038 <0.009 

Progo <0.009 <0.009 

Oyo <0.009 <0.009 

Opak 0.043 <0.009 

 

3.4. Manganese Content Test 

The manganese (Mn) content test was conducted, and the results showed the level of manganese 
dissolved in river water and distillate water. Based on the quality standards listed in PERMENKES 
RI No. 32 of 2017, the maximum level of manganese in clean water is 0.5 mg/L, while for drinking 
water, it is 0.4 mg/L. This test also shows a decrease in manganese levels after the water distillation 
process, which is caused by some dissolved manganese precipitation. Based on the data in Table 4, 
manganese levels in river and distillate water were obtained and compared with the quality 
standards. Generally, river and distillate water have manganese levels that meet the quality standards 
for clean water and drinking water listed in PERMENKES RI NO.32 TAHUN 2017. 

Table 4.  Manganese levels in river water and distillate water 

River Water Type Parameter 
Test Result Quality Standard 

Before After Clean Water Drinking Water 

Gajah wong 

Mangan (Mn) 

0.027 0.005 

0.5 0.4 

Code <0.001 <0.001 

Progo 0.002 0.006 

Oyo 0.016 0.006 

Opak 0.08 0.034 

 

3.5. Nitrate Content Test (as NO3-N) 

One of the most common types of nitrogen found in natural waters is nitrate (NO₃⁻), not nitrite 
(NO₂⁻). Ammonium entering waterways through sewage and agricultural runoff undergoes 
nitrification, where microbial activity oxidizes ammonium to nitrite and then converts it into nitrate. 
If the highest nitrite concentration is found in the same river as the highest nitrate concentration, this 
suggests active nitrogen cycling, likely due to continuous ammonium oxidation. Excessive nitrate in 
water can indirectly harm aquatic ecosystems by promoting algal blooms, which deplete dissolved 
oxygen and disrupt marine life. 

Table 5.  Nitrate (NO3-N) levels in river water and distillate water 

River Water Type Parameter 
Test Result Quality Standard 

Before After Clean Water Drinking Water 

Gajah wong 

Nitrate  

(as NO3-N) 

2.420 <0.006 

50 50 

Code 2.206 <0.006 

Progo 0.341 <0.006 

Oyo 0.530 <0.006 

Opak 0.234 <0.006 

 

Therefore, nitrate levels in the river and distillate water were tested, as shown in Table 5, to 
determine nitrate concentrations before and after distillation. After distillation, the overall nitrate 
level drops below 0.006 mg/L, demonstrating the effectiveness of the distillation process in reducing 
nitrate concentrations. Generally, river and distilled water comply with the quality standards for 
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nitrate in clean and drinking water, which is set at a maximum of 50 mg/L according to 
PERMENKES RI No. 32 of 2017. 

3.6. Nitrite Content Test (as NO2-N) 

Nitrite (NO2-N) levels in the water consumed or used daily can harm the surrounding 
environment [33]. As a result, tests had to be conducted to determine the nitrite level in the river and 
distillate water, as shown in Table 6. The ambient environmental conditions, or surface water, led to 
the highest nitrite level of 0.240 mg/L in the Elephant Wong River water sample. 

Table 6.  Test results for nitrite levels in river water and distillate water 

River Water Type Parameter 
Test Result Quality Standard 

Before After Clean Water Drinking Water 

Gajah wong 

Nitrite  

(as NO2-N) 

0.240 0.008 

1.0 3 

Code 0.167 <0.002 

Progo 0.017 <0.006 

Oyo 0.009 <0.002 

Opak 0.042 0.005 

 

In the distillate water samples, the highest nitrite levels were in the distilled Elephant Wong 
River water, although there are effective distillation methods that lead to lower nitrite levels. Based 
on the test results, it can be concluded that all river water and distillate water samples have met the 
nitrite concentration quality standards set in PERMENKES RI No. 32 of 2017. 

3.7. Total Hardness Test 

Water hardness occurs when the lime content in water is too high, primarily due to cationic 
elements such as Na, Ca, and Mg. Freshwater sources, especially those flowing through limestone 
areas, often exhibit high hardness levels exceeding 200 ppm, which can impact household 
appliances and, over time, pose health risks, particularly for individuals with kidney conditions. In 
this study, river water samples met the clean and drinking water standards (≤500 mg/L); however, 
hardness levels exceeded the specified limits in distillate water from rivers such as Code, Progo, and 
Opak. This anomaly likely results from the concentration effect, where the distillation process 
removes most minerals and organic compounds, but residual minerals become more concentrated, as 
shown in Table 7. 

Table 7.  Spike in hardness levels in distillate water 

River water Before (mg/ml) After (mg/ml) 
Gajah wong 153 8.16 

Code 142.8 591.6 

Progo 157.08 1527.96 

Oyo 142.8 234.6 

Opak 193.8 612 

 

Because of this, the water produced after distillation tends to have a relatively higher hardness 
than the water from its source before distillation. The distillation process removes minerals that 
contribute to the hardness of the water. Therefore, distilled water tends to be purer and possibly 
harder. One method that can be used to reduce water hardness is electrocoagulation. This method 
has received much attention due to its simplicity and ability to remove various ions and organic 
matter from water [34]. 

3.8. Color Test 

Color tests on water are generally conducted to evaluate the clarity of the water. Clear-colored 
water indicates that it is free of solid particles that can affect its quality. Unusual or different colors 
than expected may indicate the presence of contaminants in the water, both organic and inorganic. 
Color tests can also reveal the presence of certain substances, such as heavy metals or certain 
organic compounds, which can harm human health if present at high levels. Based on the quality 
standard of clean water and drinking water, it is 0 (zero). In this experiment, river and distillate 
water obtained results that met the quality standards. 
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3.9. Turbidity Test 

Turbidity measures water cloudiness and serves as a standard for various water types. According 
to PERMENKES RI No. 32 of 2017, clean water turbidity should be ≤25 NTU, and drinking water 
≤5 NTU. The highest turbidity was found in the Oyo River (13.2 NTU), and the lowest in the Progo 
River (2.32 NTU), with all river samples meeting the clean water standard. Progo and Gajah Wong 
Rivers also met drinking water turbidity standards. However, some distillate samples exceeded the 
drinking water limit, possibly due to recontamination during collection, storage, or handling, or 
measurement errors like calibration issues. 

3.10. Temperature Test 

Temperature is a crucial physical factor affecting an organism's growth, reproduction, and 
metabolism, influencing viscosity, chemical reactions, evaporation, and gas solubility in water. The 
highest temperature was recorded in Progo River water at 26.2°C, while the lowest was in Code 
River distillate at 25.4°C, all within the optimal range for phytoplankton growth (20–30°C) and 
bacterial decomposition activity (25–35°C). These values comply with PERMENKES RI No. 32 of 
2017, which limits deviations to ≤3°C from natural temperatures. After distillation, temperatures 
decreased in Code, Progo, and Oyo Rivers but increased in Opak and Gajah Wong Rivers, though 
the overall difference remained minor (25–26°C). 

3.11. Microbiology Test 

1) Total Coliform Test 

Before distillation, none of the river water samples met either drinking water or clean water 
standards, as evidenced by the high bacterial count, with results showing TNTC (Too Numerous to 
Count) or exceeding 200 CFU/100 mL.  

After distillation, some samples met the clean water standard, as shown in Fig. 2.a., with Gajah 
Wong River at 46 CFU/100 mL and Oyo River at 43 CFU/100 mL. However, the other three river 
samples still exceeded the quality standards, with some remaining at TNTC levels, far from the 
acceptable threshold. This condition is influenced by several factors, including the high bacterial 
load before distillation and post-distillation treatment that was not entirely sterile. 

2) Escherichia Coli Bacteria Test 

As shown in the graph in Fig. 2.b., the number of Escherichia coli bacteria before distillation was 
too high, recorded as TNTC (Too Numerous to Count), meaning it exceeded 200 CFU/100 mL. 
However, no bacterial growth was observed after distillation, indicating that no viable Escherichia 
coli bacteria remained. This result confirms that the distilled water meets the quality standards for 
clean and drinking water. 

 

Fig. 2. Test results of (a) Total Coliform and (b) E-Coli bacteria content in river water and distillate water 

3.12. TDS Test 

TDS testing evaluates the concentration of dissolved inorganic and organic compounds in water, 
such as minerals, salts, and metals. High TDS can indicate contamination and affect water quality. In 
this study, TDS levels in river water ranged from 350 to 780 mg/L, while distilled water showed a 
significant reduction, averaging below 10 mg/L. This confirms that distillation effectively removes 

  

(a) (b) 
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dissolved solids, ensuring compliance with clean water (≤1000 mg/L) and drinking water (≤500 
mg/L) standards set by PERMENKES RI No. 32 of 2017. 

3.13. Cyanide Content Test 

Cyanide is a toxic chemical compound that can be naturally or artificially formed and found in 
various water sources, including drinking water, surface water, and wastewater. Therefore, it is 
necessary to test the cyanide content of river water and distillate water. Table 8 shows that the 
quality standard set for cyanide levels in clean water is 0.1 mg/L, while the results obtained for river 
water and distillate water are less than 0.002 mg/L, which means they meet the existing quality 
standards. 

Table 8.  Cyanide content test results in river water and distillate water 

River Water Type Parameter 
Test Result Quality Standard 

Before After Clean Water Drinking Water 

Gajah wong 

Cyanide 

<0.002 -  

0.1 3 

Code <0.002 <0.002 

Progo <0.002  - 

Oyo <0.002 <0.002 

Opak <0.002 <0.002 

 

The quality standard is far below the standard for cyanide levels in clean water, which is 0.1 
mg/L per PERMENKES RI No. 32 of 2017. Thus, these results show that river and distillate water 
have met the existing quality standards. 

3.14. Detergent Content Test 

Based on the test results in Table 9, detergent levels in Gajah Wong River water were 0.004 
mg/L before treatment, well below the clean water quality standard of 0.5 mg/L. For other rivers—
Code, Progo, Oyo, and Opak—detergent levels before and after treatment were recorded at less than 
0.009 mg/L. These values are very low, near the detection limit of the testing equipment, and remain 
within the safe limits defined by the applicable quality standards. 

Table 9.  Detergent content test results in river water and distillate water 

River Water Type Parameter 
Test Result Quality Standard 

Before After Clean Water Drinking Water 

Gajah wong 

Detergent 

0.004 -  

0.5 3 

Code <0.009 <0.009 

Progo <0.009 -  

Oyo <0.009 <0.009 

Opak <0.009 <0.009 

4. Conclusion 

Based on the research conducted, it can be concluded that freshwater is a scarce resource, with 
less than 0.007% of the total global water available for household needs, so it is essential to maintain 
its sustainability. Distillation has been proven effective in producing clean water from various 
sources. However, physicochemical and microbiological parameters must be considered for the 
produced water to meet quality standards. While distillation effectively removes contaminants, some 
parameters such as pH, mineral content, and turbidity may change, requiring further testing to ensure 
the safety of the water produced. The availability of clean water is a significant challenge, especially 
in remote areas or those without access to adequate water sources, so further research and 
technology development are needed to ensure wider access to clean water.  

Acknowledgment 

Acknowledgments are addressed to LPPM UAD, who provided research funding through an 
agreement letter PD-204/SP3/LPPM-UAD/VIII/2023. Gratitude can also be expressed to those who 
helped with the implementation. 



ISSN 2355-8776 Chemica: Jurnal Teknik Kimia 33 
 Vol. 12, No. 1, April 2025, pp. 25-34 

 Adi Permadi et.al (The Effect of Distillation on Several Types of River Water On Clean Water and Drinking Water …) 

References 

[1] C. Ingrao, R. Strippoli, G. Lagioia, and D. Huisingh, “Water scarcity in agriculture: An overview of 

causes, impacts, and approaches for reducing the risks,” Heliyon, vol. 9, no. 8, pp. e18507, Aug 2023, 

doi: 10.1016/j.heliyon.2023.e18507. 

[2] E. Yeleliere, S. J. Cobbina, and A. B. Duwiejuah, “Review of Ghana’s water resources: the quality and 

management with particular focus on freshwater resources,” Appl Water Sci, vol. 8, no. 3, p. 93, Jun 

2018, doi: 10.1007/s13201-018-0736-4. 

[3] M. A. Ahmed, S. Amin, and A. A. Mohamed, “Fouling in reverse osmosis membranes: monitoring, 

characterization, mitigation strategies and future directions,” Heliyon, vol. 9, no. 4, pp. e14908, Apr 

2023, doi: 10.1016/j.heliyon.2023.e14908. 

[4] L. Lin, H. Yang, and X. Xu, “Effects of water pollution on human health and disease heterogeneity: A 

Review,” Front Environ Sci, vol. 10, Jun 2022, doi: 10.3389/fenvs.2022.880246. 

[5] K. M. G. Mostofa, C. Q. Liu, and M. A. Mottaleb, “Dissolved Organic Matter in Natural Waters,” in 

Photobiogeochemistry of Organic Matter. Berlin: Springer, 2013, pp. 1–137. doi: 10.1007/978-3-642-

32223-5_1.  

[6] A. Owhonka, E. F. Fubara, and O. B. Justice, “Wastewater quality- it’s impact on the environment and 

human physiology: A Review,” International Journal of Advance Research and Innovation, vol. 9, no. 4, 

pp. 43–58, 2021, doi: 10.51976/ijari.942107. 

[7] Kementerian Kesehatan, “Permenkes No. 2 Tahun 2023,” Kemenkes Republik Indonesia, no. 55, pp. 1–

175, 2023. 

[8] N. H. Pakharuddin, M. N. Fazly, S. H. Ahmad Sukari, K. Tho, and W. F. H. Zamri, “Water treatment 

process using conventional and advanced methods: A comparative study of Malaysia and selected 

countries,” IOP Conf Ser Earth Environ Sci, vol. 880, no. 1, pp. 012017, Oct. 2021, doi: 10.1088/1755-

1315/880/1/012017. 

[9] F. Trifiro and P. Zanirato, “Water purification: physical, mechanical, chemical and biological 

treatments,” Mathews Journal of Pharmaceutical Science, vol. 8, no. 3, Nov 2024, doi: 

10.30654/MJPS.10042. 

[10] E. H. A. Mohd, “Portable water treatment plant,” Infrastructure, Environment, Water and People: 

Proceedings of the 17th WEDC Conference, vol. 6, no. 1, pp. 163–165, 2020. 

[11] N. Adlena Eliya Mazli, Z. Zafflina Mohd Zaki, and F. Baharudin, “Preliminary assessment on water 

quality of different wastewater using solar water distillation technique,” IOP Conference Series: Earth 

and Environmental Science, vol. 1022, no. 1, 2022, doi: 10.1088/1755-1315/1022/1/012077. 

[12] M. S. Islam, A. Sultana, A. H. M. Saadat, M. S. Islam, M. Shammi, and M. K. Uddin, “Desalination 

technologies for developing countries: A Review,” Journal of Scientific Research, vol. 10, no. 1, pp. 77–

97, Jan 2018, doi: 10.3329/jsr.v10i1.33179. 

[13] E. Ali, J. Orfi, H. AlAnsary, S. Soukane, H. Elick, A. Alpatova, and N. Ghaffour, “Cost analysis of 

multiple effect evaporation and membrane distillation hybrid desalination system,” Desalination, vol. 

517, pp. 115258, Dec 2021, doi: 10.1016/j.desal.2021.115258. 

[14] A. Ahuchaogu, J. Chukwu, and A. Obike, “Reverse osmosis technology, its applications and nano-

enabled membrane,” International Journal of Advanced Research in Chemical Science, vol. 5, no. 2, 

2018, doi: 10.20431/2349-0403.0502005. 

[15] I. G. Wenten, A. N. Hakim, and K. Khoiruddin, “No more chemical regeneration for ion exchange,” in 

Electrodeionization, Jan 2014. 

[16] A. M. K. El-Ghonemy, “Performance test of a sea water multi-stage flash distillation plant: Case study,” 

Alexandria Engineering Journal, vol. 57, no. 4, pp. 2401–2413, 2018, doi: 10.1016/j.aej.2017.08.019. 

[17] M. H. K. Manesh, S. Kabiri, and M. Yazdi, “Integration of MED-RO and MSF-RO desalination with a 

combined cycle power plant,” Desalination Water Treat, vol. 179, pp. 106–129, Mar. 2020, doi: 

10.5004/dwt.2020.25059. 



34 Chemica: Jurnal Teknik Kimia   ISSN 2355-8776 

 Vol. 12, No. 1, April 2025, pp. 25-34 

 Adi Permadi et.al (The Effect of Distillation on Several Types of River Water On Clean Water and Drinking Water …) 

[18] H. Herniwanti, E. Sudarto, K. Zaman, O. Dewi, and N. Rany, “Sanitary hygiene of refilled drinking 

water depots during the Covid-19 pandemic,” Jurnal Penelitian Pendidikan IPA, vol. 8, no. 5, pp. 2476–

2482, Nov. 2022, doi: 10.29303/jppipa.v8i5.2343. 

[19] C. Onyebuchi Okafor, U. Ibiam Ude, F. Ngozi Okoh, and B. Osose Eromonsele, “Safe drinking water: 

the need and challenges in developing countries,” in Water Quality - New Perspectives, IntechOpen, 

2024. doi: 10.5772/intechopen.108497. 

[20] N. Hassan Omer, “Water quality parameters,” in Water Quality - Science, Assessments and Policy, 

IntechOpen, 2020. doi: 10.5772/intechopen.89657. 

[21] B. Koul, N. Bhat, M. Abubakar, M. Mishra, A. P. Arukha, and D. Yadav, “Application of natural 

coagulants in water treatment: a sustainable alternative to chemicals,” Water (Basel), vol. 14, no. 22, pp. 

3751, Nov. 2022, doi: 10.3390/w14223751. 

[22] N. T. Alwan, B. M. Ali, O. R. Alomar, N. M. Abdulrazzaq, O. M. Ali, and R. M. Abed, “Performance of 

solar still units and enhancement techniques: A review investigation,” Heliyon, vol. 10, no. 18, pp. 

e37693, Sep. 2024, doi: 10.1016/j.heliyon.2024.e37693. 

[23] C. Abdelhamid, A. Latrach, M. Rabiei, and K. Venugopal, “Produced water treatment technologies: A 

Review,” Energies (Basel), vol. 18, no. 1, pp. 63, Dec. 2024, doi: 10.3390/en18010063. 

[24] G. Zhang and X. Wang, “Seawater desalination system driven by sustainable energy: A Comprehensive 

Review,” Energies (Basel), vol. 17, no. 22, pp. 5706, Nov. 2024, doi: 10.3390/en17225706. 

[25] K. Obaideen, N. Shehata, E. T. Sayed, M. A. Abdelkareem, M. S. Mahmoud, and A. G. Olabi, “The role 

of wastewater treatment in achieving sustainable development goals (SDGs) and sustainability 

guideline,” Energy Nexus, vol. 7, pp. 100112, Sep. 2022, doi: 10.1016/j.nexus.2022.100112. 

[26] T. Kekes, C. Tzia, and G. Kolliopoulos, “Drinking and natural mineral water: treatment and quality–

safety assurance,” Water (Basel), vol. 15, no. 13, pp. 2325, Jun 2023, doi: 10.3390/w15132325. 

[27] M. Lukić, I. Pantelić, and S. D. Savić, “Towards optimal pH of the skin and topical formulations: From 

the current state of the art to tailored products,” Cosmetics, vol. 8, no. 3, pp. 69, Aug 2021, doi: 

10.3390/cosmetics8030069. 

[28] Y. Lei, M. Saakes, R. D. van der Weijden, and C. J. N. Buisman, “Effects of current density, bicarbonate 

and humic acid on electrochemical induced calcium phosphate precipitation,” Chemical Engineering 

Journal, vol. 342, pp. 350–356, Jun 2018, doi: 10.1016/j.cej.2018.02.104. 

[29] M. G. Biyoune et al., “Remineralization of desalinated water: Duality roles of H2SO4 and CO2 injection 

during calco-carbonic equilibrium of osmosis water,” Results in Engineering, vol. 22, pp. 102341, Jun 

2024, doi: 10.1016/j.rineng.2024.102341. 

[30] N. Hassan Omer, “Water quality parameters,” in Water Quality - Science, Assessments and Policy, 

IntechOpen, 2020, doi: 10.5772/intechopen.89657. 

[31] S. Kainth, P. Sharma, and O. P. Pandey, “Green sorbents from agricultural wastes: A review of 

sustainable adsorption materials,” Applied Surface Science Advances, vol. 19, pp. 100562, Feb 2024, 

doi: 10.1016/j.apsadv.2023.100562. 

[32] N. Abbaspour, R. Hurrell, and R. Kelishadi, “Review on iron and its importance for human health,” J 

Res Med Sci, vol. 19, no. 2, pp. 164–74, Feb 2014. 

[33] B. O. Isiuku and C. E. Enyoh, “Pollution and health risks assessment of nitrate and phosphate 

concentrations in water bodies in South Eastern, Nigeria,” Environmental Advances, vol. 2, pp. 100018, 

Dec 2020, doi: 10.1016/j.envadv.2020.100018.  

[34] J. Lu, P. Zhang, and J. Li, “Electrocoagulation technology for water purification: An update review on 

reactor design and some newly concerned pollutants removal,” J Environ Manage, vol. 296, pp. 113259, 

Oct 2021, doi: 10.1016/j.jenvman.2021.113259. 

 


