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Abstract 

Kaligarang River is the largest river in the Semarang, which looks clear but actually 

containing Mn metal above the permitted threshold. Excessive presence of Mn metal can 

cause problems for human being inside the brain (Parkinson's syndrome), liver, and kidneys. 

The aim of the study was to analyze the effect of the adsorbent dose and the pH of the solution 

containing Mn metal. The river water sample was tested at Tirta Moedal PDAM, Semarang; 

contaminated 1.075 mg/L heavy metal Mn. Based on Government Regulation No. 82 of 2001, 

the maximum allowable concentration of Mn in water is 0.1 mg/L. Adsorption with activated 

carbon is an effective method in processing Mn metal pollution. Activated carbon formed as 

powder from coconut shell size of 500 microns. The adsorption process was with a contact 

time of 90 minutes and a stirring speed of 210 rpm. The pH variables were pH 3, 7, and 12 

and the adsorbent dose was 1, 5, 10 and 15 g /L. The adsorption results showed that the 

optimum conditions of the adsorption process occurred at pH 3 with an adsorbent dose of 15 

g / L with percent absorption of Mn metal of 87.18%.  
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INTRODUCTION  

Kaligarang River is the largest river that flows in the middle of Semarang city. Various 

residents activities are found along this river, such as fishing, food industry, textile industry, iron 

smelting, ceramics industry, pharmacy, hospital, and landfill (Kurniawati., 2017). These activities 

can produce waste that will increase heavy metals pollution, BOD and COD number reserves in the 

waterbody and dyes contamination from textile industry. Heavy metal is one of the most dangerous 

pollutions that can harm the ecosystem.  

The river-water sample testing, that is conducted at Tirta Moedal PDAM, Semarang City; 

showed that the Kaligarang River was contaminated with heavy metal Mn above the permitted 

threshold of 1.075 mg/L. The presence of Mn metal in a flowing river was observed due to the waste 

of ceramic industry, metal coating industry, drug industry, and paint industry. The toxicity, 

bioaccumulation also persistence of heavy metals contamination in the river and its sediment at the 

bottom, especially developed at high concentrations, is a serious warning. In addition, fish are located 

at the end of the aquatic food chain and may accumulate metals and pass them to human beings 

through food causing chronic or acute diseases.  

Based on Government Regulation No. 82 Year 2001, the maximum permissible concentration 

of Mn in the waterbody is 0.1 mg / L, while the concentration of Mn metal in the Kaligarang River 

has reached 1.075 mg / L. Excessive presence of Mn metal can cause problems for human being, 

which can agglomerate inside the brain, liver, and kidneys, cause the onset of parkinsonism, and 

damage the central nervous system (Niemiec & Wiśniowska-Kielian, 2015). 

Various attempts have been made to overcome battle of Mn metal waste in rivers, amongst are 

using membrane filtration (Kasim et al., 2017), electrocoagulation (Ganesan., 2013), and adsorption 

technique (Idrees et al., 2018). The adsorption method has many advantages which the cost required 

is relatively cheap, efficient, practical, and also can be reused (Monteiro et al., 2017). 

Activated carbon is an adsorbent that is often used in the adsorption process because it has 

many advantages that have high complexity that can adsorb high amount of molecules and are stable 
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(Lakshmi et al., 2018). Moreover, activated carbon from biomass waste has a cheap and reasonable 

cost that is fully supported to be developed. 

Coconut shell is a potential material made from activated carbon because it contains 36.3% 

cellulose, 25.1% hemicellulose, and 28.7% lignin (Dhyani & Bhaskar, 2018). In addition, coconut 

shells also have a low ash content of 0.7%, low prices (Zhao et al., 2018), have high density and high 

purity, also contain resources that can be renewed (Bharadwaj., 2007) 

Activated carbon made from coconut shell has several advantages, including having a uniform 

pore structure distribution, having high hardness so that it is good for water purification, 

environmentally friendly because it comes from organic matter (Bharadwaj et al., 2007). Activated 

carbon from coconut shell also is harder, more micropores, resistant to abrasion, and has a lower ash 

content than coal activated carbon (Ratnoji & Singh, 2014)  

Based on its size, there are several types of activated carbon, namely granules, powders, and 

pellets (Gamal et al., 2018). Among these types, powder activated carbon has the advantages of 

contact surface area per unit weight greater than granular activated carbon and pellets, has better 

mass transfer and diffusion rates, and more homogeneous particle distribution (Schulz et al., 2017), 

therefore our research used powdered activated carbon type. Based on the description above, the aim 

of this research on adsorption of heavy manganese metal (Mn) is to determine the effect of adsorbent 

dosage on the levels of adsorbed Mn metal and to analyze the effect of the pH of the solution on the 

levels of adsorbed Mn metal. An alternative technology used in dealing with heavy metal waste in 

the Kaligarang River is the adsorption method using powdered activated carbon from coconut shells. 

 

METHODS 

Tools and materials 

The tools used in this study are digital scales, spatulas, watch glasses, measuring pipettes, ball 

filler, 100 mL measuring flask, 100 mL beaker, erlenmeyer, glass stirrer, filter paper, glass funnel, 

universal indicator, sieve tray, shakers and Atomic Absorption Spectrophotometry (AAS). While the 

material used is synthetic Powdered Activated Carbon (PAC) from coconut shell waste, with 

trademarks Haycarb, NaOH p.a., HCl p.a., aquades and MnSO4.H2O p.a. The variables in this study 

were the pH 3, 7, and 12 and the adsorbent dose of 1 g / L, 5 g / L, 10 g / L and 15 g / L. 

Research procedure 

Active Carbon Preparation 

Sifted Powdered Activated Carbon (PAC), Haycarb-trademark, using a sieve tray to obtain 

activated carbon with a pore size of 500 microns. 

 

Fomulating Mn (II) solution 10.75 ppm 

Ionic solution 1000 ppm Mn (II) was assembled by dissolving 0.307 grams of MnSO4.H2O 

powder into 100 mL of distilled water. 

Metal Mn (II) adsorption 

Adsorption assessment was carried out via batch adsorption using 10.75 ppm Mn solution. 

10.75 mL solution out of 1000 ppm Mn was diluted with 100 mL of distilled water to obtain 107.5 

ppm Mn solution. Then 10 mL of 107.5 ppm Mn solution was diluted with 100 mL of distilled water 

so that a 10.75 ppm Mn solution was obtained. 0.05 grams of activated carbon was added with a 

solution of 50 mL MnSO4.H2O with a concentration of 10.75 ppm. The solution is then pH adjusted 

by adding 1 M HCl or NaOH to adjust pH 3, 7, and 12. This pH represents acidic, neutral, and basic 

pH. The solution is then shaken using a shaker with a speed of 210 rpm and 90 minutes adsorption 

time. The solution is then filtered with filter paper to separate the filtrate from the obtained residue. 

This process is repeated for adsorbent doses of 5, 10, and 15 g / L. 

Atomic Absorption Spectrophotometry (AAS) Test 

The filtrate obtained was then tested using AAS to determine the concentration of Mn after 

adsorption. 
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RESULTS AND DISCUSSION  

Effect of pH on the adsorption process 

The degree of acidity or pH is an important parameter that needs to be assessed in an adsorption 

process. This is due to pH affects the metal ion charge and the active site charge of the adsorbent that 

is used (Idrees et al, 2018). The study of the pH effect on Mn (II) metals adsorption was carried out 

to determine the optimum pH in order to obtain the maximum adsorption results of Mn (II) metals. 

Mn (II) metal adsorption in this study was carried out at variations of pH 3, 7 and 12, which 

represented acidic, neutral and basic pH. The results of research on the effect of pH on the adsorption 

of Mn (II) metal are shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of pH on various doses of adsorbent 

 

Figure 1 shows the graph of the pH influence on the percentage of Mn (II) metal absorption. 

Mn (II) metal adsorption with activated carbon at pH 3 gives adsorption results with a percentage of 

86.78%, 86.92%, 86.91% and 87.18%. Mn (II) metal adsorption with activated carbon at pH 7 gives 

results with a percentage of 34.33%, 34.88%, 80.85% and 86.28%. While the adsorption of Mn (II) 

metal at pH 12 gives the results with percentages of 98.5%, 98.43%, 98.42% and 98.4%. 

The results showed the same characteristics in all four adsorbent doses where the acidic pH 

yielded a high percentage of adsorption, at neutral pH the percentage of adsorption decreased 

significantly, then the percentage of adsorption rose again with the increase in pH of the solution 

becoming alkaline. 

Mn (II) metal adsorption under acidic conditions with a pH of 3 gives a high percentage of 

adsorption results at four different doses. This can be due to the pH 3, the adsorbent active site has 

not been protonated properly and there are not many H+ ions that bind to the adsorbent active site so 

that competition between the metal ions Mn and H+ ions to bind to the active adsorbent site does not 

occur significantly. This condition causes the adsorbent to absorb more Mn (II) metal because many 

active sites are still empty. 

Adsorption test under alkaline conditions with pH 12 gives a decrease result in metal Mn (II), 

which is higher than acidic conditions with an average reduction percentage of 98.4%. The high loss 

of metal Mn (II) in solution is due to the alkaline pH, the metal ion Mn (II) in the solution experiences 

precipitation where the precipitate formed is filtered along with activated carbon residues during the 

screening process after the adsorption test.  

This situation causes the level of metal Mn (II) in the solution to decrease. The occurrence of 

Mn (II) metal precipitation is caused by the reaction between the Mn2+ ion and the OH- ion from the 

addition of NaOH solution. The Mn2+ ion will react with the OH- ion from the NaOH solution to 

form a brown precipitate that does not dissolve in excess reagents. The depositional reaction equation 

that occurs is as follows (Leonard, 1990) : 

 

Mn2+ + 2 OH-  →  Mn(OH)2 ↓ 
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Precipitation of the metal Mn (II) to Mn(OH)2 causes the adsorption efficiency at pH 12 to 

decrease because the deposits can close the pore of activated carbon so that it interferes with the 

adsorption process. Mn (II) metal adsorption at pH 7 shows different results, where at this pH the 

percentage of Mn (II) metal absorption tends to decrease. This is because at neutral pH metal ions in 

solution can undergo hydrolysis reactions which cause metal ions to be difficult to absorb because 

they are unstable (Nurafriyanti et al., 2017). This condition causes the absorption efficiency of metal 

Mn (II) at neutral pH tends to decrease. 

Based on the explanation above, it can be seen that in this study the optimum absorption of 

Mn (II) metal using activated carbon was achieved at pH 3 and adsorbent dose of 15 g / L with an 

adsorption percentage of 87.18%. The results of this study are relevant to the results of previous 

studies conducted by (Mengistie et al., 2012) on the adsorption of metal Mn (II) using activated 

carbon from birbira leaves where the optimal adsorption results of metal Mn (II) were reached at pH 

3. 

Effects of Adsorbent Doses on Mn (II) Metal Adsorption 

The effect of activated carbon dose on the adsorption of Mn (II) metal can be determined by 

the adsorption of 10.75 ppm Mn (II) solution at the optimal pH of adsorption using a variation of 

activated carbon mass of 1, 5, 10, and 15 g / L. Mn (II) metal adsorption is done by adding activated 

carbon to 50 mL of sample solution with a concentration of Mn (II) of 10.75 ppm. Adsorption was 

carried out with a contact time of 90 minutes at the optimum pH, namely pH 12 with a stirring speed 

of 210 rpm. After 90 minutes, the filtered filtrate was then analyzed the remaining metal content of 

Mn (II) by using Atomic Absorption Spectroscopy (AAS). The effect of activated carbon dose on 

the absorbed Mn (II) level is shown in Figure 2. 

 

 
Figure 2. Effect of adsorbent dose with percent adsorbed 

 

Figure 2 shows that the more adsorbent mass is added, the higher percent adsorption. The 

biggest percent absorption is obtained at the mass of the adsorbent 15 g / L that is equal to 87.18%. 

This is because the active site or surface area of the adsorbent increases with the increase in the 

adsorbent mass, so that more adsorbate is absorbed (Pandia & Warman, 2016) 

CONCLUSION 

The more mass of adsorbent activated carbon is added, the higher Mn (II) metal adsorption 

efficiency is. The highest Mn (II) metal adsorption results were achieved at adsorption using a 15 

g/L adsorbent dose with an adsorption percentage of 87.18%. In addition, the highest Mn (II) metal 

adsorption results were achieved at pH 3 with the highest absorption percentage of 87.18%. 
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