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Abstract 

Calcium carbonate (CaCO₃) in groundwater is a major concern, as it can cause scaling in pipes and potentially 

pose health risks, particularly in rural areas. Developing innovative groundwater filtration systems capable of 

reducing CaCO₃ content is therefore essential for improving water quality. This study investigated the use of 

biomass waste from candlenut shells and corn cobs as sources of activated carbon adsorbents for portable 

groundwater filtration in the Sumbawa Region, Indonesia. A portable filter system was designed using varying 

amounts of adsorbent (150, 250, and 500 g), and its performance was evaluated based on several water quality 

parameters, including temperature, total dissolved solids (TDS), pH, taste, odor, turbidity, and CaCO₃ 

concentration. The results showed that the groundwater temperature remained stable (31–33 °C) with no 

significant changes observed. Both candlenut shell and corn cob adsorbents effectively reduced TDS, pH, taste, 

odor, turbidity, and CaCO₃ content. Corn cob adsorbents generally performed better, likely due to their more 

developed microporous structure, while candlenut shells reduced carbon release more slowly. Corn cob 

adsorbents achieved the highest reductions in TDS, CaCO₃, and pH, while candlenut shells showed better 

performance in sensory quality by reducing taste scores and odor intensity. Turbidity decreased by up to 91% 

using candlenut shells (to 0.24 NTU) and 90% using corn cobs (to 0.28 NTU). These findings highlight the 

potential of converting agricultural biomass waste into low-cost activated carbon absorbents for sustainable 

groundwater purification in rural communities. 
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1 Introduction 

 

The presence of calcium carbonate (CaCO₃) in 

groundwater poses challenges in certain regions. 

Commonly known as lime, excessive CaCO₃ levels 

may threaten human health, as long-term consumption 

can harm internal organs and contribute to calculus 

formation, a key concern in dental and oral health [1]. 

In addition, calcium buildup in household water 

systems can cause scaling, which clogs pipes and 

reduces the lifespan of plumbing infrastructure, 

leading to costly maintenance [2], [3].  

Groundwater in Sumbawa Island contains a high 

concentration of CaCO₃ as the natural condition of the 

land in Sumbawa that is predominantly made up of 

limestone mountains, and may directly affect the 

composition of the groundwater [4]. As rainwater 

seeps through these geological formations, it dissolves 
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calcium carbonate, increasing its presence in the 

underground water supply. This makes the 

development of an effective and affordable filtration 

system an urgent need for local communities. 

One innovative solution is the use of portable 

water filters equipped with micro-materials such as 

activated carbon absorbents derived from local 

agricultural waste. These filters are not only 

affordable but also practical for household use in rural 

and remote areas. By incorporating activated carbon 

materials, the filters can effectively reduce calcium 

content and improve water quality [5]. 

The use of agricultural residues such as corn cobs 

and candlenut shells for groundwater filtration 

promotes a circular economy by turning waste 

materials into valuable resources [6], [7]. This 

approach not only reduces environmental pollution 

but also provides a sustainable, low-cost solution for 

improving water quality. Some studies reported that 

agricultural residues can be economically valorized 

into biomaterials, briquette and other carbon products, 

which may serve as effective functional materials in 

downstream processes (including adsorption and 

catalysis), reinforcing the technical feasibility of using 

candlenut shells or corn cobs for water treatment [8]–[11].  

Corn cob-based activated carbon is a particularly 

promising absorber material. Corn cobs have a 

naturally high surface area and large pore volume, 

which enhances their capacity to trap contaminants 

[12]. Corn cob powder has been investigated as a 

natural adsorbent for various applications such as the 

purification of used cooking oil [13], dye removal 

[14], effluent treatment and removal of lead and 

cadmium from wastewater [15]. On the other hand, 

there are several strategies to reduce or prevent 

calcium CaCO₃ scaling in water systems, which are 

generally classified into chemical and non–chemical 

methods [15], [16]. Chemical treatments, such as the 

use of chlorine or brominated compounds, have 

traditionally been effective but face drawbacks 

including high costs, strict environmental regulations, 

and potential risks of chemical residues or spills [16]. 

To address these limitations, non-chemical or physical 

water treatment (PWT) methods have been developed, 

employing techniques such as magnetic or electric 

fields, membranes, and ultrasounds. Although this 

technique shows effectiveness, the applications 

remain debated due to high cost [17]–[19]. 

Furthermore, Sumbawa is the largest corn-

producing region in West Nusa Tenggara (NTB), 

generating an abundance of corn cob waste [20]. 

According to data from BPS Sumbawa, the region has 

significant potential for corn production, reaching 

467,240 tons from a planted area of 1,685 hectares. 

Most of the corn is sold in the form of kernels, leaving 

behind waste such as stalks, leaves, husks, and cobs. 

Corn cobs represent the largest portion of this waste, 

accounting for about 30% of the corn fruit. Based on 

the 2024 production volume, the region has the 

potential to generate approximately  116.810 tons of 

corn cob waste [21]. Utilizing this agricultural 

byproduct for water filtration supports waste reduction 

while providing a cost–effective, locally sourced 

solution. In addition to corn cobs, candlenut shells also 

serve as an excellent source of carbon–rich absorber 

material [22]. Candlenut shells have been extensively 

developed as effective adsorbents for various 

synthetic dyes, including methyl orange, methylene 

blue, and rhodamine B [23]–[25]. Beyond their 

application in dye removal, candlenut shell-derived 

activated charcoal has also been explored as a 

promising electrode material for Capacitive 

Deionization (CDI) technology in seawater 

desalination [26]. These shells are also widely 

available agricultural waste products in Sumbawa, 

with high carbon content suitable for activated carbon 

production. By turning local waste into useful filter 

materials, this approach not only improves water 

quality but also promotes environmental sustainability 

and economic efficiency for the people of Sumbawa.  

This study aims to develop a portable water 

filtration system employing activated carbon–based 

adsorbents derived from agricultural residues, 

specifically corn cobs and candlenut shells. The 

research evaluates the influence of varying adsorbent 

dosages on key physicochemical parameters of water 

quality, including temperature, total dissolved solids 

(TDS), pH, taste, odor, turbidity, and CaCO₃ 

concentration. Water samples were collected from 

three distinct locations within Sumbawa Regency, 

Indonesia, to assess the filtration performance across 

different groundwater characteristics. 

 

2 Method  

 

2.1 Materials 
 

The portable filter was constructed using both primary 

and supplementary materials. The primary materials 

were agricultural biomass waste, specifically corn 

cobs and candlenut shells. Corn cobs were collected 

directly from maize farmers in Sumbawa Regency, 

while candlenut shells were sourced from nearby local 

farmers. Supplementary materials included gravel 
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with an average diameter of 2 cm and a commercially 

available polyethylene–based sponge, which served as 

supporting filter media. For the activation process, 

technical-grade sodium hydroxide (NaOH) supplied 

by Merck, Germany, was used. 

 

2.2 The design of a portable filter 

   

A portable filter unit was constructed using a PVC 

pipe as the main chamber, with a diameter of 3 inches 

and a length of 50 cm (Figure 1). The system was 

equipped with inlet and outlet connections made from 

0.5–inch PVC piping. This design was adapted from 

previous research [9], with modifications focused on 

the configuration and dimensions. Unlike the earlier 

design, which included components such as a 

sedimentation pond, the system developed in this 

study was engineered to be portable, community–

friendly, and easily deployable in various locations. 

 

 
Figure 1: The design of a biomass-based water filter. 

 

The absorbent material was prepared by 

carbonizing agricultural wastes, corncobs and 

candlenut shells, through a pyrolysis process in a 

sealed chamber. Carbonization was carried out at 

approximately 400 °C, monitored using a handheld 

infrared thermometer, and terminated once the raw 

materials were fully converted into charcoal. A total 

of 3 kg of corn cob charcoal and 3 kg of candlenut 

shell charcoal were then chemically activated by 

soaking in a 20% sodium hydroxide (NaOH) solution 

(0.5 M), as adopted from previous research [10]. The 

activation was performed with 5 L of NaOH solution, 

following a 3:5 (w/w) charcoal-to-solution ratio, for a 

duration of 24 h. After soaking, the samples were 

rinsed with distilled water until a neutral pH (7) was 

achieved, followed by drying to a moisture content of 

3–8%, after which the activated carbon was ready for use. 

The filter chamber was assembled in several 

layers, as shown in Figure 1. The bottom layer 

consisted of a 3–inch diameter polyethylene sponge 

with a height of approximately 4 cm. Above this, the 

second layer was filled with activated carbon, either 

from candlenut shells or corn cobs, in varying amounts 

of 0, 150, 250, and 500 g. A second sponge was placed 

above the activated carbon to secure the material. The 

top layer was filled with gravel, which served as a 

physical pretreatment medium to retain larger suspended 

materials such as mud and sand, thereby enhancing the 

performance of the activated carbon layer. 

During operation, raw groundwater entered the 

system through the inlet, flowed from the top of the 

chamber to the bottom, and passed sequentially 

through the gravel, sponge, and activated carbon 

layers before exiting through the outlet. This 

configuration allowed suspended solids to be retained 

in the upper section, enabling the activated carbon 

layer to absorb dissolved and fine contaminants more 

effectively. 

 

2.3 Sampling and analysis 
 

This study began with a preliminary analysis of 

groundwater collected from three locations in 

Sumbawa Regency, Indonesia. The first source was 

located at the Residential College of Sumbawa 

University of Technology (8°34'09.5"S 117°25'35.8"E), 

the second at Sumbawa Town (8°29'56.1"S 

117°26'41.7"E), and the third at Penyaring Village 

(8°27'46.1"S 117°31'51.4"E). A total of 10 liters of 

water was drawn from each source at a flow rate of 0.5 

cm³/s, and the sampling sites are shown in Figure 2. 

The collected raw groundwater was first evaluated 

against established groundwater quality standards, 

presented in Table 1. 

 

 
Figure 2: Sampling sites. 
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Table 1: The water ground quality standard [27]. 
Test Parameters Results 
Water Temperature, ℃ 

Total Dissolved Solid (TDS), ppm 
Water pH 

Taste 

Turbidity, NTU 
Odor 

CaCO3, ppm 

Nitrate (as NO3
-), ppm 

- 

≤ 1000 
6.5-8.5 

- 

≤ 5 
- 

≤ 500 

≤ 50 

 

For the filtration process, the groundwater was 

passed through the portable filter unit at a constant 

flow rate. The filtrate was then collected as a test 

sample, with 10 mL taken for each variable, and each 

measurement was conducted in triplicate to ensure 

validity and reliability. The collected water samples 

were stored in plastic tubes for further physical and 

chemical analysis. Both the initial condition and the 

post–filtration quality of the water were evaluated to 

determine the effectiveness of the filter system. The 

analysis of water quality included temperature, pH, 

total dissolved solids (TDS), odor, taste, turbidity, and 

CaCO₃ concentration. Several instruments were used: 

a digital pH meter (EUTECH) for pH measurement, 

an EUTECH TN 100 turbidimeter for turbidity, and a 

TDS meter (Mediatech PH/TDS/EC/Temp 

Waterproof Auto–Calibrate ATC 9908, Merahabu–

B1900134) for total dissolved solids (TDS). The 

surface area of activated carbon absorbents derived 

from corn cobs and candlenut shells was tested using 

a Surface Area Analyzer (SAA). The concentration of 

CaCO3 in water was measured using X-ray Diffraction 

(XRD). Soil water sampling and preparation were 

carried out by taking soil water samples from 

representative locations using sterile polypropylene 

bottles. The CaCO₃ sediment was then ground into a 

fine powder using a mortar and pestle. It is then sieved 

with a 200 mesh to obtain uniform particle sizes. The 

powder was then put in an XRD holder and flattened 

the surface for optimal diffraction. The XRD 

parameters used in this experiment were Cu-Kα (λ = 

1.5406 Å), 2θ range: 10°–80°, step size: 0.02°, scan 

rate: 1–2°/min. 

The taste evaluation followed the guidelines 

issued by the Ministry of Health of the Republic of 

Indonesia No. 2 of 2023 [12], using the organoleptic 

method with the assistance of 15 trained panelists. The 

indicators for the taste test results are presented in 

Table 2, while the odor evaluation standards are 

provided in Table 3. The requirements for odor and 

taste panelists were determined in accordance with the 

Indonesian Standard (SNI 01–2346–200). These 

criteria include: a) being physically healthy and free 

from defects that may interfere with organoleptic 

assessments; b) having no judgment or bias regarding 

the product being tested; c) having the ability to make 

free and independent comparisons; and d) possessing 

interest and curiosity in evaluating the organoleptic 

properties under study.  All analysis was conducted in 

three replicates. 

 

Table 2: Test indicator of groundwater taste standard.  

Score Taste Description 

1 No Taste 

2 Sour Taste 

3 Bitter Taste 

4 Metallic Taste 

5 Salty Taste 

6 Chalky Taste 

 

Table 3: Test indicator of groundwater odor standard. 

Score Odor Description 

1 Odorless 

2 Fishy Odor 

3 Muddy Odor 

4 Chemical Odor 

5 Metallic and Iron Odor 

 

2.4  Experimental design  

 

This study used a two-factor Complete Randomized 

Design (CRD). In this study, the testing was 

conducted using the Analysis of Variance (ANOVA) 

method to determine the effect of two fixed variables 

on the observed results. The fixed variables used were: 

a) Type of absorbents (candlenut and corn cob); b) 

Mass of absorbents (0 g, 150 g, 250 g, 500 g). The 

significance level to determine the difference between 

treatments was conducted using the Duncan test. 

 

3 Results and Discussion  

 

3.1 Characteristics of groundwater  
 

The quality of groundwater in Sumbawa Regency is 

presented in Table 4. The results indicate that the Total 

Dissolved Solids (TDS) level was 570 ppm. This value 

exceeds the World Health Organization (WHO) 

standard of 500 ppm [28]. This suggests that the 

groundwater contains a considerable amount of 

dissolved minerals that may impact its suitability for 

direct consumption. 
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Table 4: The initial values of groundwater test in 

Sumbawa regency.  
Parameters Results 

Water Temperature, ℃ 

Total Dissolved Solid (TDS), ppm 

Water pH 

Taste 

Turbidity, NTU 

Odor 

CaCO3, ppm 

Nitrate (as NO3
-), ppm 

32 

570 

8.5 

4.1 

2.8 

4.2 

531 

None 

 

The pH of groundwater was measured at 8.5, 

although this value remains within the acceptable 

limit— it indicates a basic nature of the water. The 

elevated pH suggests a significant presence of calcium 

hydroxide (Ca(OH)₂), a strong base that contributes to 

the formation of calcium carbonate (CaCO₃) in 

groundwater. Since CaCO₃ itself possesses mildly 

basic properties, its presence further increases the 

alkalinity of the water [29]. The initial concentration 

of CaCO₃ was determined to be 531 ppm. The 

organoleptic evaluation had a taste score of 4.1, 

indicating the detection of a metallic taste, most likely 

caused by the presence of heavy metals such as 

manganese (Mn) and iron (Fe), which are common 

contributors to such sensory characteristics [30]. 

Regarding odor, the score of 4.2 suggests a chemical-

like odor, potentially arising from the combination of 

CaCO₃ and other acidic or basic compounds in the 

water matrix. Meanwhile, turbidity measurements 

yielded a value of 2.8 NTU, which is still below the 

acceptable limit for drinking water. The subsequent 

sections present the performance of the portable filter, 

comparing the effectiveness of candlenut shell and 

corn cob absorbents across different amounts in 

reducing TDS, pH, taste, odor, turbidity and CaCO₃ 

level. 

 

3.2 The effect of absorbents on water temperature 

 

Figure 3 shows the water temperature measurement 

from the groundwater filtration process in Sumbawa 

Regency with different types and various amounts of 

active carbon. 

The results of the ANOVA test indicate that both 

the type of activated carbon source and the amount of 

absorbent used significantly affect temperature 

changes, as demonstrated by a p-value of less than 

0.001. However, detailed analysis reveals that certain 

aspects do not significantly influence the differences 

in groundwater temperature produced. For instance, 

Figure 3 shows no temperature change among the 

various types of absorbent sources when no absorbent 

is added (0 grams). This lack of change is expected 

since no absorbent is involved in the filtration process. 

This phenomenon is likely due to minimal heat 

exchange during the process [31]. This assumption is 

in line with the theory stated in Equation 1.  

 

𝑄 = 𝑚 𝐶𝑝 𝑑𝑇              (1) 

 

Where Q is heat, m is the mass of the object, and dT is 

the change in temperature. If Q = 0, then dT will also 

be 0. This means that there will be no change in the 

system temperature if there is no change in the heat 

that occurs [32], [33]. In addition, temperature does 

not have much influence because there are no 

exothermic or endothermic reactions that can change 

the temperature of the environment [32]. 

 

 
Figure 3: The effect of type and mass of absorbents 

on the water temperature. Superscripts indicate the 

data were statistically different at p-value < 0.001. 

 

When using activated carbon derived from 

candlenut shells at three different mass levels (150 g, 

250 g, and 500 g), statistical calculations showed a 

significant effect on the water temperature produced 

(p-value < 0.001). Although the observed increase in 

temperature was not substantial, this indicates that the 

material has minimal thermal interaction with water 

[34]. In contrast, filtration using activated carbon 

made from corn cobs consistently resulted in a slightly 

higher water temperature of 33 °C. The ANOVA 

results indicated that variations in the amount of corn 

cob raw material used as an absorbent had a significant 

effect on the temperature of the water passing through 

the filter. This consistent increase in temperature may 

be attributed to the physical or chemical properties of 

the corn cobs; however, further research is needed to 

confirm this observation [35]. Overall, the findings 
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indicate that there is a significant effect on the 

temperature of filtered groundwater, both in terms of 

the type of absorbent source and the amount of 

absorbent used.  

 

3.3 The effect of absorbents on water TDS 

 

Different types and quantities of absorbents 

influenced the TDS of groundwater in Sumbawa 

Regency, as shown in Figure 4. The initial TDS of 

groundwater before the filtration process was 570 ppm 

(Table 4). When the water was passed through the 

filter without any absorbent, the TDS decreased to 428 

ppm. This reduction may be explained by the role of 

gravel and sponge in the filter column, which were 

able to trap or adsorb part of the dissolved and 

suspended solids, even in the absence of additional 

absorbent material [36]. 

 

 
Figure 4: The effect of the type and mass of the 

absorbent in TDS. Superscripts indicate the data were 

statistically different at p-value < 0.001. 

 

A more significant reduction occurred with the 

addition of activated carbon absorbents derived from 

candlenut shells and corn cobs. This can also be seen 

from the ANOVA test results, which give a p-value 

<0.001, meaning that there is a significant result in 

TDS absorption with the addition of the amount of 

absorbent used. The improvement can be attributed to 

the increase in surface area provided by activated 

carbon, which enhances its ability to adsorb suspended 

and dissolved materials from groundwater [37]. In the 

case of candlenut shell waste, the TDS values obtained 

for absorbent masses of 150, 250, and 500 grams were 

380 ppm, 371 ppm, and 378 ppm, respectively.  

In contrast, the use of corn cob absorbents 

resulted in a much greater reduction in TDS. This can 

also be seen from the ANOVA test results, which give 

a p-value <0.001, meaning that there is a significant 

result in TDS absorption with the addition of the 

amount of absorbent used. At absorbent masses of 

150, 250, and 500 grams, the TDS values decreased 

significantly to 208 ppm, 176 ppm, and 134 ppm, 

respectively. The difference in performance based on 

the type of absorbent is also supported by the 

conclusion of the ANOVA results, which states that 

there is a significant effect on TDS absorption in 

groundwater with different types of absorbents used 

(p-value <0.001). This marked difference in 

performance may be explained by the structural 

characteristics of the two materials. Corn cobs 

generally possess a larger pore size, which allows for 

more efficient adsorption of dissolved solids. The 

results of SAA analysis, the surface area of the 

activated carbon from corn cobs was 352 m²/gram, 

whereas the activated carbon from candlenut shells 

had a significantly lower surface area of 32 m²/gram. 

Meanwhile, candlenut shells have a higher lignin 

content. Based on the previous research, the lignin 

content of corn cobs is 19.6%-22.7% [38]–[40]. 

Meanwhile, the lignin content of candlenut shells is 

22.4%–33.1% [41]–[43].  During the carbonization 

and activation process, this high lignin content makes 

it more difficult to release carbon and develop large 

pores. As a result, the activated carbon produced from 

candlenut shells tends to have smaller pores and lower 

adsorption capacity compared to that from corn cobs. 

These findings are consistent with the results reported 

in previous studies [44].  

 

3.4 The effect of absorbents on water pH 

 

The effect of different types and amounts of activated 

carbon on groundwater pH is shown in Figure 5. 

Before filtration, the pH of groundwater was 8.5. 

When passed through the filter without any absorbent, 

the pH remained unchanged at 8.5. This indicates that 

a filter without absorbent material does not influence 

groundwater pH, as it only provides physical filtration 

through gravel and rocks without inducing any 

chemical reactions [45]. 
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Figure 5: The effect of the type and mass of 

absorbents on the pH of the water sample. Superscripts 

indicate the data were statistically different at p-value 

< 0.001. 

 

The addition of activated carbon absorbents, 

however, resulted in a noticeable decrease in pH. Corn 

cob absorbents at masses of 150, 250, and 500 grams 

reduced the pH to 7.9, 7.6, and 7.4, respectively. 

Similarly, candlenut shell absorbents at the same 

masses decreased the pH to 8.1, 7.5, and 7.2, 

respectively. These results suggest that increasing the 

amount of absorbent enhances the reduction in pH, as 

more active sites become available on the activated 

carbon surface to adsorb basic compounds. This is 

confirmed by the ANOVA test results, which give a p-

value of less than 0.001, meaning that the difference 

in the amount of absorbent has a significant effect on 

the pH of the soil water. Substances such as CaCO₃ 

and Ca(OH)₂, which contribute to higher pH, are 

increasingly captured by the absorbent when larger 

amounts are used [44]. 

According to the results of the ANOVA test, 

there was no significant difference between the two 

types of adsorbents—corn cobs and candlenut shells 

(p-value > 0.001). This outcome is likely due to the 

absorption of CaCO3, a weak base compound. 

However, this absorption is accompanied by the 

release of compounds from the adsorbent, which may 

neutralize the effects of pH reduction [46]. 

 

3.5 The effect of absorbents on water taste 

 

Taste is an important parameter in assessing the 

acceptability of groundwater for consumption, as it is 

directly perceived by consumers. The initial 

groundwater sample from Sumbawa Regency had a 

slightly bitter and alkaline taste, which corresponds to 

its relatively high TDS and pH values observed before 

filtration. Such taste characteristics are commonly 

associated with the presence of dissolved minerals, 

particularly calcium carbonate (CaCO₃), magnesium, 

and other alkaline compounds [47]. Figure 6 shows the 

effect of absorbents on water taste in Sumbawa 

Regency.   

 

  
Figure 6: The effect of type and mass of absorbents 

on water taste. Superscripts indicate the data were 

statistically different at p-value < 0.001. 

 

The initial taste score of groundwater in 

Sumbawa Regency before filtration was 4.1, which 

reflects a slightly bitter and alkaline taste. 

Interestingly, after the water was passed through the 

filter without any absorbent, the taste score increased 

to 4.5 (Figure 6). This means that the water quality 

became worse in terms of taste, shifting into the 

“metallic taste” category. The increase in taste score is 

most likely due to the release of metallic ions, such as 

Fe, from the gravel and other filter media that were not 

completely clean. Since this condition involved only 

physical filtration without any chemical interaction or 

adsorption, the suspended particles may have been 

removed, but additional soluble metallic compounds 

entered the water, intensifying its metallic aftertaste 

[48]. 

When activated carbon absorbents were added, a 

very different trend was observed. Corn cob absorbent 

at doses of 150, 250, and 500 g reduced the taste score 

to 4.0, 2.7, and 1.7, respectively. Similarly, the 

candlenut shell absorbent reduced the score to 3.5, 2.2, 

and 1.4 for the same amounts of absorbent. These 

results clearly show that increasing the mass of 

absorbents leads to a progressive reduction in the taste 

score. Based on the ANOVA results, differences in the 

amount of absorbent significantly affect the taste of 

groundwater, as seen from the p-value being less than 

0.001.  In other words, the more activated carbon used, 

the more effective the system was in removing 
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compounds that cause unpleasant taste, with the water 

moving from a metallic taste toward nearly tasteless at 

higher doses. 

This trend can be explained by the adsorption 

process occurring on the activated carbon surface. 

Activated carbon contains a highly porous structure 

with numerous active sites, which makes it effective 

at adsorbing dissolved organic and inorganic 

compounds. Compounds such as CaCO₃, Ca(OH)₂, 

and Fe, which are known contributors to alkaline or 

metallic taste, are gradually removed as the amount of 

activated carbon increases [49]. The adsorption 

mechanism involves both physical trapping in the 

pores and chemical interactions at the surface, leading 

to the reduction of taste–causing ions and minerals. 

A comparison between the two absorbents 

reveals an interesting difference. While both types 

improved the taste, candlenut shell–based activated 

carbon produced slightly lower taste scores than corn 

cob–based activated carbon. This suggests that 

candlenut shells were more effective in improving the 

sensory quality of groundwater, even though previous 

sections showed that corn cobs generally performed 

better for parameters such as TDS and pH. Based on 

the ANOVA results, the type of absorbent affects the 

taste of groundwater, as indicated by a p-value of 

<0.001. One possible explanation is that activated 

carbon from corn cobs is more brittle, and during use, 

fine carbon particles or certain compounds may leach 

into the water, slightly increasing the taste score. 

Candlenut shells, although they tend to produce 

activated carbon with smaller pore sizes and lower 

surface area than corn cobs, may release fewer soluble 

compounds, resulting in cleaner-tasting water. This 

interpretation is consistent with findings from other 

studies, which report that differences in the raw 

material of activated carbon influence not only 

adsorption performance but also the stability of the 

carbon itself in water treatment [50]. 

 

3.6 The effect of absorbent on water odors 

 

Odor is another important sensory parameter that 

determines the acceptability of groundwater for daily 

use. The initial groundwater sample from Sumbawa 

Regency had a noticeable odor, which is commonly 

associated with the presence of dissolved organic 

matter, metallic ions, or sulfur–containing 

compounds. Such odors not only reduce consumer 

acceptance but can also indicate contamination that 

affects overall water quality [51]. Figure 7 shows the 

effect of absorbents on water odor in Sumbawa 

Regency.  

 

 
Figure 7: The effects of the type and mass of 

absorbent on water odors. Superscripts indicate the 

data were statistically different at p-value < 0.001. 

 

Based on the initial test results presented in Table 3, 

the groundwater from Sumbawa Regency had an odor 

score of 4, which corresponds to the chemical odor 

category. This type of odor is most likely dominated 

by the presence of inorganic compounds such as 

calcium carbonate (CaCO₃) and other minerals 

dissolved in the water [26]. Such odors not only reduce 

the sensory quality of the water but may also indicate 

the presence of compounds that influence taste and 

pH. 

When the groundwater was passed through a 

filter without any absorbent, the odor score decreased 

slightly from 4.0 to 3.4, shifting from the chemical 

odor category to the muddy odor category. This minor 

improvement suggests that physical filtration through 

gravel and sponge was able to remove some 

suspended materials. However, the persistence of 

unpleasant odor indicates that chemical compounds 

remained in the water. Moreover, the presence of 

residual impurities in the gravel and sponge may have 

contributed to an additional muddy odor, rather than 

fully improving water quality [52]. 

The addition of activated carbon absorbents 

showed a more significant impact. With corn cob–

based activated carbon, the odor score decreased 

progressively with increasing mass of absorbent: 3.4 

(150 g), 2.8 (250 g), and 2.2 (500 g). This change 

shifted the odor category from muddy to fishy odor, 

indicating that the activated carbon was effective in 

adsorbing some odor–causing compounds, though not 

completely eliminating them. Interestingly, the results 

also suggest that corn cob absorbent may release 
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certain volatile compounds into the water, contributing to 

the persistence of a fishy smell [52]. Based on the 

ANOVA results, differences in the amount of 

absorbent significantly affect the odor of groundwater, 

as seen from the p-value being less than 0.001. 

On the other hand, candlenut shell–based 

activated carbon produced a more consistent reduction 

in odor intensity. Based on the ANOVA results, the 

type of absorbent affects the odor of groundwater, as 

indicated by a p-value of <0.001. At doses of 150 g, 

250 g, and 500 g, the odor scores were 2.2, 1.7, and 

1.2, respectively. This corresponds to an improvement 

from fishy odor to odorless water. The superior 

performance of candlenut shells compared to corn 

cobs may be explained by differences in material 

characteristics. Corn cobs have a high carbon content 

(up to 78.46%) and large porosity, which enhances 

adsorption capacity but may also facilitate the release 

of compounds that increase odor [53]. In contrast, 

candlenut shells produce activated carbon with 

smaller but more stable pore structures, leading to 

effective adsorption of odor–causing substances such 

as CaCO₃, Fe, and organic matter without contributing 

secondary odors [53]. 

 

3.7 The effect of absorbent on water turbidity 

 

Turbidity is a critical parameter that reflects the clarity 

of water and is strongly influenced by the presence of 

suspended solids, colloids, organic matter, and metal 

oxides. High turbidity not only reduces the aesthetic 

quality of water but also indicates the potential 

presence of contaminants that can interfere with 

disinfection processes and pose health risks. The 

results of the water turbidity test after filtration can be 

seen in Figure 8.  

 

 
Figure 8: The effect of type and mass of absorbents 

on water turbidity. Superscripts indicate the data were 

statistically different at p-value < 0.001. 

As shown in Table 3 and Figure 7, the initial 

turbidity of groundwater in Sumbawa Regency was 

2.8 NTU, which is still within the permitted standard 

for clean water. After filtration without absorbents, the 

turbidity decreased to 1.27 NTU, indicating that the 

gravel and sponge layers were effective in removing 

some mud, sand, and other particulates. However, this 

reduction relies mainly on physical straining, and over 

time, the permeability of gravel tends to decrease as 

pores become saturated with trapped material [2]. 

The addition of activated carbon absorbents 

provided a more significant reduction in turbidity. 

These results are supported by ANOVA results, which 

state that adding absorbent significantly changes 

groundwater turbidity values (p-value < 0.001). With 

corn cob–based activated carbon, turbidity decreased 

to 0.29, 0.30, and 0.28 NTU for absorbent masses of 

150, 250, and 500 g, respectively. These results 

demonstrate that corn cob activated carbon can 

efficiently adsorb suspended solids, leading to water 

clarity well below the initial level. The slight 

fluctuation across different dosages indicates that even 

at lower amounts, corn cob absorbent already provides 

a high adsorption efficiency due to its large surface 

area and porous structure [54]. 

For candlenut shell–based activated carbon, 

turbidity values were 0.64, 0.38, and 0.24 NTU at 150, 

250, and 500 g, respectively. This shows a consistent 

decrease in turbidity with increasing absorbent 

dosage, highlighting that more active sites in the 

activated carbon result in greater particle and chemical 

adsorption. Although effective, candlenut shells 

produced slightly higher turbidity values compared to 

corn cobs at equivalent dosages. This difference can 

be attributed to material characteristics: corn cobs 

have higher porosity and greater adsorption capacity, 

while candlenut shells, due to their higher lignin 

content, tend to form less developed pore structures 

during carbonization and activation [55]. Overall, 

based on the results of the ANOVA test, the type of 

absorbent used in this experiment significantly 

affected the turbidity of the filtered groundwater (p-

value < 0.001). 

 

3.8 The effect of absorbents on CaCO3 removal 

 

Calcium carbonate (CaCO₃) is one of the dominant 

inorganic compounds in groundwater and plays an 

important role in determining pH, hardness, and taste. 

Elevated concentrations of CaCO₃ can increase 

alkalinity, produce a chalky or metallic taste, and 

contribute to scaling in household appliances and 
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pipelines. Therefore, its removal is a key target in 

water treatment processes. The effect of the type and 

amount of absorbent on the reduction of CaCO3 from 

filtration in groundwater in Sumbawa Regency can be 

seen in Figure 9. 

As shown in Figure 9, the initial CaCO₃ 

concentration in Sumbawa groundwater was 531 ppm. 

After filtration without any activated carbon 

absorbent, the concentration decreased only slightly to 

530 ppm, or just 1 ppm lower than the original level. 

This minimal reduction indicates that physical 

filtration through gravel and sponge layers had almost 

no effect on dissolved CaCO₃, though it may have 

trapped a very small fraction of suspended carbonate 

particles [2]. 

 

 
Figure 9: The effect of mass and type of absorbents 

on CaCO3 removal. Superscripts indicate the data were 

statistically different at p-value < 0.001. 

 

Table 4 and Figure 9 indicate that the CaCO₃ 

content in groundwater remained relatively unchanged 

following filtration without the use of an adsorbent. 

This is likely due to the limited adsorption capacity of 

gravel and sponge materials, which lack the active 

sites necessary for CaCO₃ binding [56]. In contrast, 

the incorporation of activated carbon derived from 

corn cobs or candlenut shells significantly reduced 

CaCO₃ levels. Notably, increasing the amount of 

activated carbon corresponded with a greater 

reduction in CaCO₃ concentration, suggesting 

effective adsorption. The activated carbon likely 

facilitates CaCO₃ removal through chemical 

interactions. CaCO₃ can react with NaOH to form 

Na₂CO₃·H₂O or Na₂CO₃, compounds that effectively 

bind CO₂. Previous SEM–EDX analyses have 

demonstrated the migration of Na⁺ ions into CaCO₃ 

particles, enhancing their dissolution and promoting 

binding. These findings support the hypothesis that 

NaOH-impregnated activated carbon enables the 

capture of Ca²⁺ and CO₃²⁻ ions via surface functional 

groups [54]. Furthermore, increasing the amount of 

adsorbent expands the available surface area and 

active sites, thereby improving CaCO₃ adsorption 

efficiency. These results show the significant effect of 

the amount of absorbent on the absorption capacity of 

CaCO3 in groundwater. This is supported by statistical 

test results using ANOVA, which show that variations 

in the amount of absorbent significantly affect the 

effectiveness of CaCO3 absorption in groundwater, 

both using candlenut shells and corn cobs. This 

conclusion is supported by a p-value of less than 

0.001. 

Based on the ANOVA test results, differences in 

absorbent sources (candlenut shells and corn cobs) 

produced significant differences in terms of CaCO3 

absorption effectiveness in groundwater. This can be 

seen in the p–value <0.001 results. However, visually, 

the differences are not very significant. The type of 

biomass used to produce activated carbon—whether 

corn cobs or candlenut shells—did not result in 

significant differences in CaCO₃ removal performance 

in groundwater from Sumbawa Regency. This is likely 

because both materials were treated with the same 

NaOH concentration, leading to comparable active 

site formation. Previous studies have shown that the 

concentration of activating agents and the polarity of 

the solvent influence the dispersion of active 

components and the development of functional sites 

on activated carbon [57]. Higher concentrations and 

solvent compatibility enhance dispersion, reduce 

particle size, and increase the number of active sites 

[58].  

The use of activated carbon absorbents derived 

from corn cobs has proven to be effective in reducing 

calcium carbonate (CaCO3) levels in groundwater. 

This innovative approach offers a cost–efficient 

solution for water purification, as it utilizes corn 

waste, which is inexpensive and often considered 

worthless. In contrast, reverse osmosis is a much more 

expensive method of water treatment. 

According to the correlation observed between 

the levels of CaCO3 in groundwater and the pH of the 

produced water, lower levels of CaCO3 in 

groundwater correspond to lower pH test results 

(Figure 5). This relationship occurs because CaCO3 is 

a basic compound; therefore, as the levels of CaCO3 

decrease, the pH also decreases. Furthermore, 

activated carbon derived from corn cobs absorbs more 

CaCO3 compared to activated carbon obtained from 
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candlenut shells (Figure 9). This finding is consistent 

with the pH values, which also decline when the 

source of activated carbon shifts from candlenut shells 

to corn cobs (Figure 5). However, the difference in the 

type of adsorbent does not result in a significant 

difference in pH (Figure 5). 

 

4 Conclusions  

 

This study demonstrated the effectiveness of activated 

carbon derived from corn cobs and candlenut shells in 

improving groundwater quality in Sumbawa Regency, 

West Nusa Tenggara Province, Indonesia. The 

groundwater initially contained CaCO₃ at 570 ppm, 

exceeding the allowable standard, while the water 

temperature remained stable during the filtration 

process (33 °C with corn cob-based adsorbents and 31 

°C with candlenut shell–based adsorbents), indicating 

no significant thermal effect from filtration. 

The addition of activated carbon significantly 

improved several physicochemical parameters. Total 

dissolved solids (TDS) decreased from 570 ppm to as 

low as 134 ppm when 500 g of corn cob-based 

adsorbent was applied, compared to 370 ppm with the 

same dosage of candlenut shells. Similarly, turbidity 

decreased from 2.8 NTU to 0.28 NTU with corn cobs 

and 0.24 NTU with candlenut shells, both values well 

below the permissible standard. Calcium carbonate 

(CaCO₃) concentrations declined from 570 ppm to 231 

ppm with 500 g of corn cob adsorbent and to 237 ppm 

with candlenut shells, showing that corn cobs 

provided slightly better removal efficiency. In terms 

of pH, the groundwater shifted from an initial value of 

8.5 to 7.4 with 500 g of corn cobs and 7.2 with 

candlenut shells, indicating a moderate reduction in 

alkalinity. 

Improvements were also evident in organoleptic 

properties. The taste score, which initially increased to 

4.5 after simple filtration without absorbent (metallic 

taste), was reduced to 1.7 with 500 g of corn cobs and 

1.4 with candlenut shells, indicating nearly tasteless 

water. Similarly, odor intensity decreased from 4.0 

(chemical odor) to 2.2 with corn cobs and to 1.2 with 

candlenut shells, transitioning the groundwater from 

unpleasant odor categories to nearly odorless. These 

findings confirm that while corn cob-based activated 

carbon performed better in reducing TDS, turbidity, 

and CaCO₃, candlenut shell–based adsorbents were 

more effective in improving taste and odor. 

Overall, this research highlights the potential of 

agricultural by-products, such as corn cobs and 

candlenut shells as low-cost, sustainable, and effective 

absorbents for groundwater purification. Their 

application not only enhances physicochemical 

properties but also improves sensory quality, offering 

a practical solution for clean water provision in rural 

communities. 
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