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INTRODUCTION 
 
At present, one of the environmental problems that explored is the reduction of heavy metal contaminants found in wastewater. 

Metal ions that enter the environment and mix with other substances potentially determined by their chemical toxicity [1]. 

Besides, metals contained in aquatic ecosystems can have harmful effects on living organisms in the water and will affect the 

quality of the food chain so that it will adversely affect human health [2-4]. Nahar, et al [5] stated that Fe contamination in 

groundwater was higher when compared to surface water. This is caused by the operation of a landfill (TPA) that produces 

leachate water which is then absorbed into the ground, causing a decrease in the quality of groundwater. 

Ion Fe is an essential metal for humans but excessive amounts can cause health problems [6]. Fe ions, if accumulated in 

excessive amounts cause diabetes [7], anemia and hemochromatosis [8], lung and heart disease [9]. 

Therefore, efforts should be made to reduce Fe emissions in water bodies with appropriate processing technology that does not 

harm the environment in its use [10]. Adsorption is one of the most commonly used methods for reducing heavy metal pollution. 

The adsorption process is environmentally friendly. In the adsorption process, activated carbon is the most commonly used 

Abstract 
Currently the environmental problem that is often faced is metal pollution, especially in water bodies. One source of metal 

pollution in water bodies is the presence of landfills that are built close to housing. TPA is able to produce leachate water 

as a result of the process of decay of waste which will then be absorbed into the ground until ground water pollution 

occurs. One of the metal ions that is found in excess in ground water is Fe, which if accumulated can cause a decrease in 

groundwater quality to the public health. One of the water treatment technologies is adsorption. In this study the biomass 

used as an adsorbent is the candlenut shells. Candlenut shells are found in Camba District, Maros Regency. We use 

candlenut shells as adsorbents to reduce Fe (III) metal ions in groundwater. In this study, carbon from the candlenut shell 

was activated by ZnCl2 and then modified with nitric acid. Adsorption of Fe (III) ions by using candlenut shell modified 

carbon was carried out in various contact times, pH, and concentrations. The concentration of Fe (III) metal ions before 

and after adsorption was determined using an Atomic Absorption Spectrophotometer (AAS). The adsorption capacity of 

Fe(III) ions by the candlenut shell are determined using the Langmuir and Freundlich isotherms. The results showed that 

the optimum time was 80 minutes, and the optimum pH was 5. Adsorption of Fe (III) metal ions using activated carbon of 

HNO3 modified candlenut following the Langmuir isothermal model with adsorption capacity (Qo) 15.15 mg.g
-1

. 

 

Keywords: Candlenut shells, adsorption, modified of HNO3, Fe(III) ions, groundwater. 

 

 

 

 

 



37 
Citation: Rismauli Simanjuntak et al 2020., Effectiveness of Modified Candlenut Shell (Alleurites mollucana) in Adsorption of Fe (III) Heavy Metals to 

Improve Groundwater Quality. Advances in Environmental Biology, 14(1): 36-41. DOI:10.22587/aeb.2020.14.1.6 

 

 

media as an adsorbent in reducing substantial metal emissions in water and wastewater [11-13] because activated carbon has a 

large surface area, is easily applied, is environmentally friendly and does not require an enormous cost to procurement [14]. 

Candlenut shell is an organic waste that has a hard texture and takes a long time to decompose it naturally so that efforts are 

needed to utilize the candlenut shell waste. The utilization of candlenut shell waste is intended to reduce the volume of waste and 

is also expected to produce a product that is safe and friendly when used in the environment. Therefore, candlenut shells can use 

as one of the raw materials for making activated carbon. 

Based on data from the Regional Statistics Agency of Maros Regency [15], the Camba district is the largest candlenut producing 

district in Maros Regency. The area of candlenut forest that is managed is 9,299 hectares with a production of ± 3,675.40 

tons/year, out of the total candlenut production in Indonesia of 79,137 tons/year. The estimated amount of candlenut shell waste 

in Maros Regency in 2015 reached 79,137 tons/year. Candlenut shell waste is used in addition to overcoming the accumulation 

of waste that can be used to produce products that are safe and environmentally friendly. Candlenut shells contain lignin 

(54.46%) and holocellulose (49.22%), and pentosan (14.55%) [16,17]. Holocellulose is a polysaccharide with high carbon 

content making it possible for the biomass to be used as a source of activated carbon [18]. 

To improve the efficiency adsorption of activated carbon obtained from agricultural waste effort were made, such as carbon 

modification. Carbon modification is considered to be able to increase functional groups where the functional groups play an 

essential role in the application of activated carbon such as heavy metal adsorption in wastewater [19,20]. 

Research to modify the surface of activated carbon has been carried out by Akl, et al [21], activated carbon modified with HNO3 

and N2 vapor for the reduction of Fe and Mn ions in groundwater samples. The results show that activated carbon which has the 

highest adsorption capacity is activated carbon modified with HNO3 then followed by activated carbon modified with N2 gas. 

Hydrolysis occurs by HNO3 which is followed by the rupture of inter-cellular walls, the structure of activated carbon becomes 

smaller so that the surface area of the activated carbon becomes wider and the adsorption capacity is higher. Therefore, 

modification treatment of active carbon with nitric acid (HNO3) shows the potential to increase the adsorption capacity of heavy 

metals.  

Based on the description above, further research on efforts to reduce the content of Fe ions in groundwater is important. The 

results obtained can be used as a reference for the treatment of groundwater contaminated with Fe (III) ions. 

 

MATERIALS AND METHODOLOGY 

 

A.  Materials 

All materials in this study were in analytical grades, and solutions were made using double distilled water. The materials 

consisted of the biomass of candlenut shell, (Fe (NH4)2(SO4)2.6H2O) (Merck), HNO3 (Merck), and NaOH (Merck). 

 

B.  Equipment 

Equipment used is Atomic Absorption Spectrophotometer (AAS) Buck Scientific model 205 VGP, magnetic stirrer (Fisher type 

115), FT-IR Spectrometer Shimadzu Prestige 21. 

 

C.  Methods 

1.   Preparation and surface modification of activated carbon  

The samples of the candlenut shell carbonized at a temperature of 600 
O
C for 1.5 hours. Candlenut shell carbons were soaked 

with activator solution of ZnCl2 10% by the ratio of 1:5 (carbon mass/ZnCl2) by weighing 80 g. The impregnated sample 

activated for 24 hour soaking time. Then the candlenut shell carbon is filtered using a Buchner funnel and washed with distilled 

water until a neutral pH [11,12]. After that, the as-prepared sample was dried in the oven of temperature 110 
o
C and stored in a 

desiccator ready for use.  

Activated carbons are mixed with a chemical agent HNO3 6 N, with a mass ratio of 1:5 (active carbon mass/volume), then 

shocked at a constant rate (130 oscillations per minute) for 24 hours. Afterwards washing with aqua dest until a pH is neutral, the 

samples were then dried in the oven for 1 hours at 110 
o
C, marked as activated carbon-nitric and placed in a desiccator ready for 

use. 

A total of 0,25 g of activated carbon was put into four 250 mL volumetric flask, each containing Na2CO3 0.05 N, NaHCO3 0.05 

N, NaOH 0.05 N and HCL 0.05 N and then the mixture allowed to stand for 24 hours. After that, the solution was separated 

solution, each taken 5 mL of Na2CO3, NaHCO3, and NaOH solution, then added PP indicator, added excess HCL, then reversed 

using 0.05 N NaOH solution and for HCl solution was taken as much as 5 mL, added excess NaOH, then titrated back using 0.05 

N HCl.   

 

2.  Optimization of Adsorption Conditions of Fe (III) Ions 

Activated carbon which has modified with nitric acid is taken as much as 0.1 gram into Erlenmeyer containing 50 mL of Fe (III) 

50 mg/L on a shaker machine at a revolving speed of 130 rpm then filtered. The absorbance of the filtrate was measured using 

Atomic Adsorption Spectrophotometry (AAS). The experiment repeated with variations in stirring time 5, 10, 20, 40, 60, 80, 100 

and 120 min. 

Activated carbon which has modified with nitric acid is taken as much as 0.1 gram into Erlenmeyer containing 50 mL of Fe(III) 

50 mg/L. Then the acidity of the solution is adjusted to pH 2. Then the mixture is stirred with a magnetic stirrer during the 

optimum time. The mixture was filtered using a vacuum filter with Whatman 42 filter paper. The absorbance of the filtrate was 

measured using SSA. Experiments repeated with variations in pH 3, 4, 5, 6 and 7.  
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Activated carbon which has modified with nitric acid is added as much as 0.1 gram into Erlenmeyer containing 50 mL of Fe (III) 

50 mg/L solution with concentrations of 5, 10, 15, 25, 40 and 60 mg/L were put successively into different Erlenmeyer flasks. 

The stirring of the mixture waste the optimum time and the optimum pH. The determination of the Fe(III) content in the filtrate, 

the experiment repetitions, and the experiments without adsorbent were the same as described before. Freundlich and Langmuir 

equations usually are those for studying the adsorption isotherms; equations (1) and (2) were the linear forms of the equations, 

respectively, 

 

log (x / m) = log k + 1 / n (log Ce)    (1)     
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x is the amount of Fe(III) ion adsorbed on candlenut shell (mg), m is mass of adsorbent (g), Ce  is the concentration of Fe(III) ion 

(mg L
-1

) when the equilibrium achieved, k and n are the Freundlich constants related to the adsorption capacity (mg g
-1

) and 

adsorption intensity (gL
-1

), respectively. Qo and b successively indicate the Langmuir constants corresponding to the adsorption 

capacity (mg g
-1

) and the adsorption coefficient (L mg
-1

). Plotting log (x/m) to log Ce for the Freundlich equation or Ce⁄qe to Ce 

for the Langmuir equation will result in the adsorption capacities. Intercept in the Freundlich equation produces a value of k 

(adsorption capacity) and the slope of the Langmuir equation gives a Qo value that is related to the adsorption capacity. 

 

RESULTS AND DISCUSSION 

 

1. The effect of contact time 

Figure 2 shows that the adsorption of Fe (III) ions increases with an increase in time from 5 to 80 minutes for Fe(III) atoms. 

However, after 80 minutes, adsorption tends to decrease by up to 120 minutes. The results of this study indicate that the longer 

the contact time is used, the amount of dissolved substances that can be absorbed is also increasing. However, the amount of 

material that is adsorbed will reach its maximum limit in a specific period. The adsorption capacity increases at the initial time 

and after that, it will decrease gradually until it is almost constant before reaching the equilibrium value. This is due to the 

reversible desorption process, which in the desorption process can cause a decrease in the amount of adsorption after the optimal 

time [22]. Therefore, the optimal adsorption times for Fe (III) ion is 80 minutes.  Sheibani, et al [23] obtained an optimum 

contact time of 70 minutes in adsorption of Fe(III) ions using walnut shells, Zhang, et al [24] obtained an optimal contact time of                

60 minutes in the adsorption of Fe(III) ions using rice husk ash. The optimum time for Fe (III) adsorption in four different 

studies, this is due to the different types of adsorbents.  

 

 
Fig. 2: The amount of Fe(III) adsorbed on Candlenut shell vs.contact time. 

 

2. The effect of pH on adsorption of Co(II) 

Figure 3 shows that the amount of Fe (III) absorbed at pH 2 is 14.57 mg/g. This number has increased and has reached optimum 

conditions at pH 5 with the number of adsorbed 23.67 mg/g for Fe (III). In this study under low pH conditions, the adsorption 

capacity of Fe(III) ions was low. That is because the number of protons (H
+
) in high solution and protons will compete with 

metal ions in the formation of bonds in the adsorbent surface functional groups so that protonation will occur which inhibits the 

binding process of metal ions. But when it reaches the optimum the pH of the number of protons will decrease and the 

adsorption capacity will increase [25]. However, the adsorption efficiency decreases after reaching the maximum pH limit. This 

is due to the formation of OH
-
 ions in large quantities so that metal ions cannot bind the active group to the adsorbent [26]. 

Similar results are reported in the literature obtained by the optimal Fe (III) adsorption ion at pH 5 [27]. 
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Fig. 3: The amount of Fe(III) adsorbed on Candlenut shell as a of function pH 

 

3. The effect of the initial concentration of Co (II) on the adsorption 

The concentration variations used in this study were 5, 10, 15, 25, 40 and 60 ppm and used the optimum time and pH of 80 

minutes for Fe(III) of pH 5. Figure 3 shows the effect of the concentration of Fe(III) ions on the number of ions adsorbed. The 

higher the concentration of Fe(III) ions, the higher the Fe(III) ions are adsorbed by nitric acid modified carbon activated carbon. 

Activated carbon has better adsorption power when compared to carbon that is not activated [28.29]. The number of ions 

adsorbed in the concentration range used has not yet reached saturation. Therefore, the Langmuir and Freundlich isothermal 

models are used to determine the adsorption capacity as shown in Figures 4. 

Based on the results of the study, the Langmuir model is a suitable model for the adsorption of Fe(III) ions in candlenut biomass 

with an R
2
 value of 0.992. These results have similarities with the results of Khosravihaftkhany, et al [30] in the adsorption of 

lead and iron ions using palm oil biomass. From the Langmuir isotherm regression equation, the adsorption capacity of the 

candlenut shell is 15.15 mg. g
-1

. 

 

 
Fig. 3: Effect of Fe (III) concentration on the number of Fe(III) metal ions adsorbed by the modified activated carbon of the 

candlenut shell. 

 

  
(a)       (b) 

Fig. 4: Isothermal linear curve of Fe(III); a) Langmuir; b) Freundlich. 

 

CONCLUSIONS 
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The conclusions obtained from this study are as follows: modified HNO3 modified candlenut shell carbon can be made as an 

adsorbent in reducing the composition of Fe (III) in groundwater. Adsorption of Fe (III) ions reaches equilibrium after 80 

minutes of contact time at optimal pH 5. Adsorption of the Langmuir isothermal model with an adsorption capacity of 15.15 

mg.g
-1

. 
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