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ABSTRACT 
Peat water is one of the ground or surface water found in swampy and 

lowland peat areas, brownish red, high acidity, and has high organic 
content. Palm shells activated charcoal can be useful as a raw material for 
making activated carbon because it is very effective at absorbing organic 
content in peat water, testing the effectiveness of peat water treatment 
installation with activated arbons is one way to determine the adsorption 
power of activated charcoal against peat water contaminants. The aim of 
this study was to determine the absorption capacity of activated charcoal 
by immersing H3PO4 and grain size of mesh 200 palm oil shells through 
the effectiveness test of peat water treatment installation. The variables 
observed with the effectiveness test of peat water treatment installation 
were pH and iron content (Fe). Analysis of the data used is descriptive 
analysis that compares before and after treatment of peat water with 
activated carbon. From the measurement results of peat water parameters 
compared with the quality standards of the Regulation of the Minister of 
Health of the Republic of Indonesia Number 492 of 2010 concerning 
Drinking Water Quality. The results of testing the effectiveness of peat 
water installation with activated charcoal as a result of activation by 
immersion using Phosphoric Acid (H3PO4) with a grain size of palm shell 
charcoal of 200 mesh can improve the quality of peat water but do not meet 
clean water quality standards that are fit for drinking. An increase in peat 
water pH from 4.443 to 6.4 - 6.5, and a decrease in Fe content from 9.43 mg 
/ l to 2.275 - 3.309 mg / l.

  
1. INTRODUCTION 
 
Peat water is one of the ground or surface water found in swampy and lowland peat areas, brownish red, high 

acidity, and has high organic content. Peat is defined as organic material that is formed from imperfect 
decomposition of plants in wet areas and in very humid conditions and lack of oxygen. Peat water in general does 
not meet clean water quality requirements.  

The palm shell has many uses and benefits for the business and household industries. Some of them are high 
economic value products, namely activated charcoal, liquid smoke, phenols, charcoal briquettes, and shell flour. Palm 
shells are the hardest part of the components found in oil palm. Judging from the characteristics of the raw materials, 
when compared to ordinary coconut shells, oil palm shells have many similarities. A striking difference is the ash 
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content which usually affects the quality of products produced by coconut shells and palm shells. Charcoal is a porous 
solid material which is the result of combustion of materials containing carbon elements (Djatmiko, 1985), while 
activated charcoal is charcoal that is activated by immersion in chemicals so that the pores of the material become 
more open to the surface area. 

Activated carbon pores need to be activated so that the performance in adsorption is more optimal. The purpose 
of the activation process is to increase or enlarge the carbon pore diameter and develop the volume absorbed in the 
pore and to open new pores (Prabarini and Okayadnya, 2014). Activation is a process of forming activated carbon 
that functions to add, open and develop carbon pore volume and can increase the diameter of carbon pores that have 
been formed from the carbonization process through chemical or physical methods. (Budiono et al, 2009; 
Kurniawan, 2014).  

The wider surface of activated charcoal has an impact on the increased absorption of gas or liquid material (Kirk 
and Othmer, 1964). Absorption of activated charcoal is very large, which is 25-1000% of the weight of activated 
charcoal. Because of this, active charcoal is widely used by industry. Nearly 60% of the production of activated 
charcoal in the world is utilized by the sugar industries and cleaning oil and fats, chemicals and pharmaceuticals 
(Arifin, 2008).  According to Hendra (2010) there are generally three activation processes for charcoal, including 
physical, chemical and physics-chemical combinations. The physical activation process is carried out by burning 
charcoal in a furnace with a temperature of 850 OC. The chemical activation process is carried out by adding certain 
chemical compounds to the charcoal. Chemical compounds that can be used as activating agents include KCl, NaCl, 
ZnCl2, CaCl2, MgCl2, H3PO4, Na2CO3, and other mineral salts. The optimum conditions for making activated charcoal 
with the best quality from the raw material of palm oil shell is at a temperature of 850 OC. The results of Faradina 
and Setiawati's (2010) research stated that the charcoal is activated by using a chemical compound, namely ZnCl2.  
According to Prasetyani (2010) the activation of active kabron is done by adding ZnCl2, as an activator so that the 
surface pores of the charcoal become wider. This will facilitate the absorption process. Activated charcoal is used to 
remove impurities by absorbing or adsorping. The ability to absorb impurities is an indicator of the success rate of 
the activated charcoal process.  

Charcoal can be used as fuel and can be used as an adsorbent (absorbent) in the gas separation process. 
Absorption of contaminants in water, recovery solvent, catalyst and catalyst support. In use as an adsorbent, the 
absorption of charcoal is determined by the surface area of the pore. The wider surface of the charcoal results in a 
higher absorption of gas or liquid (Kirk and Othmer, 1964). The absorption ability of charcoal can be higher if the 
charcoal is activated with chemicals or by heating at high temperatures. Activated charcoal will experience changes 
in physical and chemical properties called activated charcoal (Meilita and Tuti, 2003). 

Activated charcoal is charcoal that is activated by immersion in chemicals or by flowing hot steam into the 
material, so that the pores of the material become more open to the surface area. Activated charcoal can be made 
from porous carbon material which can be obtained from agricultural solid waste materials such as rice husks, 
coconut shells, palm shells, candlenut shells and urban solid waste materials such as plastics, paper and cardboard. 
One of the solid waste materials from plantations that are still underutilized is palm shells. In general, companies 
make palm oil shells as waste materials with little use. On the other hand, the palm shell also has the prospect as 
a raw material for making activated charcoal. 

The activated carbon properties themselves are not only influenced by the type of raw material, surface area, 
pore distribution and surface chemical characteristics of activated charcoal, but also influenced by the activation 
method used (Austin, 1984).  According to Girgis et al. (2002) suggested that H3PO4 as an activation agent would give 
the best results when compared with ZnCl2 and KOH. These activating agents are dehydrators which can reduce the 
remaining OH and CO from the carbonized carbon. Therefore, it is necessary to do activation by immersing using 
H3PO4 on several sizes of palm shell charcoal grains to get the surface area of activated charcoal grains. 

This research was conducted to find out the activated absorbability of activated charcoal by immersing H3PO4 
and grain size of 200 mesh palm oil shells against peat water contaminants through the effectiveness test of peat 
water treatment installation. 
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2. MATERIALS AND METHODS 
 

The raw material used in this research is the Dura Palm Oil (Elais guneensis Jacg) type on PT. Surya Cipta Perkasa, 
Sebangau Kuala District, Pulang Pisau Regency, Central Kalimantan Province, Phosphoric Acid solution (H3PO4), Peat 
Water as much as 5 liters and a set of peat water treatment plants. 

The method of making activated charcoal is done by making charcoal and activating the charcoal that has been 
made. The making of charcoal from palm shells is done by washing the palm shells and then drying them in the sun. 
Each charcoal material is put into a charcoal furnace and heated at a temperature of 500 oC for 5 hours. Writing is 
considered complete when the smoke emitting from the chimney is thin and bluish in color. Activation of oil palm 
shell charcoal can be done by means of oil palm shells that have been made crushed charcoal to obtain the desired 
grain size or dimensions of charcoal. The charcoal is filtered by sieve analysis with a retained size of a 200-mesh 
filter. 

After obtaining charcoal with dimensions and size of 200 mesh, then the charcoal is activated by immersing 
it in a 2.5% Phosphoric Acid (H3PO4) solution as an activator. The immersion activation time is carried out with 
a 16-hour immersion duration.   

From the activation of activated charcoal above, then washed using distilled water so that it reaches a 
neutral pH. Furthermore, the activated charcoal is dried in the oven for 1 hour at a temperature of 120 oC and 
the activated charcoal is ready to be tested for the effectiveness of peat water treatment installation. Installation 
of vertical peat water treatment test is presented in Figure 1. 

 

 
Figure1: Installation of vertical peat water treatment 

 
The variables observed with the effectiveness test of peat water treatment installation were pH, iron (Fe) content, 

and the analysis of the data used was descriptive analysis, which compares before and after peat water treatment with 
activated carbon. From the measurement results of peat water parameters compared with the quality standards of the 
Regulation of the Minister of Health of the Republic of Indonesia Number 492 of 2010 concerning drinking water quality. 
To test the effectiveness of a complete treatment tool in reducing iron (Fe) and pH in peat water using the formula:  

 
Effectiveness = (A - B) x 100 %      
                            A  
Where:  
A = iron (Fe) / pH before treatment 
B = iron (Fe) / pH level after treatment 
 

3. RESULTS AND DISCUSSION 
 

 EFFECTIVENESS TEST RESULTS OF PEAT WATER INSTALLATION WITH ACTIVE CHARCOAL 
 
The results of testing the effectiveness of peat water installations with activated charcoal are presented in Table 

1. 
Table 1: Effectiveness Test Results for Each Parameter from Peat Water Samples 

No. Parameter Unit Peat water Peat water effectiveness test results 
after the addition of activated charcoal 

Quality standards 
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1 2 
1 Color TCU Brown Yellow Yellow Colorless 
2 Smell  Smells Smells Smells Colorless 
3 Taste  Acid alkaline alkaline alkaline 
4 Turbidity NTU/FAU 0,93 23,10 33,00 - 
5 DOC Mg/l 65.15 46,54 44,98 - 
6 Temperature C 27 27 27  
7 DO Mg/l 9,04 6,94 5,71 1000 
8 TDL  193,10 654 624 - 
9 pH  4,443 6,500 6,400 6,5-8,5 

10 CaCO3 mg/l 357,12 1228,51 571,40 500 
11 Florida mg/l 0,502 1,099 1,157 1,5 
12 Fenol mg/l 0,011 0,058 0,064 - 
13 Iron mg/l 9,430 3,309 3,275 1,0 
14 Copper mg/l 0,005 0,027 0,034 - 
15 Manganese (Mn) mg/l 0,160 0,148 0,154 0,4 
16 Calcium mg/l 0,174 1.926 1,643 - 

Source: Research Results, 2019 
 
In general, after analyzing data using descriptive analysis, comparing before and after processing of peat water 

with activated carbon, shows that there are changes in the initial characteristics of peat water, namely iron (Fe) and 
pH levels for peat water do not meet the quality standards based on regulations Minister of Health of the Republic 
of Indonesia Number 492 of 2010 concerning Drinking Water Quality. Therefore, the use of peat water for daily 
needs without community treatment will have a negative impact on health.   

Measurement of Fe (iron content) from the peat water treatment plant using activated charcoal with repetition 
2 times, showing that the iron content from 9.43 mg / l decreased to 2.275-3309 mg / l. The effectiveness of 
decreasing iron (Fe) content in the peat water treatment process using a peat water treatment plant with activated 
charcoal is very large, its effectiveness reaches 76.14%. Based on the results of these measurements it can be stated 
that the iron content of the complete treatment process of peat water with activated charcoal still does not meet the 
quality standards in accordance with the Regulation of the Minister of Health of the Republic of Indonesia Number 
492 of 2010, because the water quality standard for minimum is 1 mg / l. The decrease in Fe levels is caused by the 
presence of activated carbon as a filter so that the adsorption process occurs. Adsorption is the absorption of a 
substance (molecule or ion) on the surface of the adsorbent. The adsorption power of activated carbon is due to the 
fact that activated carbon has an open pore. This pore causes the surface of activated carbon to become wider. This 
statement is supported by the opinion of Nugroho (2008), that a broad surface of the adsorbent occurs because 
carbon has a hollow internal surface. Messayu (2009) added that the increase in activated carbon mass is 
proportional to the increase in the number of particles and surface area of activated carbon, causing the number of 
sites to bind metal ions to increase and the adsorption efficiency to increase. 

Iron (Fe) is a chemical element that can affect water quality. Decreased levels of iron (Fe) that are too high in 
water can cause water to color and smell. After the peat water treatment process is carried out using a peat water 
treatment plant with activated charcoal proportional to the change in color which was originally brown to turn 
yellow due to a decrease in iron (Fe) level of 76.14%. This opinion is supported by Suhartana (2006), that generally 
activated charcoal is used as an absorbent and purifier. In small quantities it is also used as a catalyst. The adsorption 
properties are selective, depending on the size or volume of the pores and surface area. Absorption of activated 
charcoal is very large, which is 25-100 percent to the weight of activated charcoal. Activated charcoal can absorb 
particles that can cause odor and taste in water, so as to eliminate odors and flavors in the water. 

The initial pH value of peat water is acidic with a pH value of 4.443. After the peat water is processed using a 
peat water treatment plant with activated charcoal, the pH of the water has increased to alkaline with a pH value of 
6.4 - 6.5 approaching normal. The effectiveness of increasing pH in the process of peat water treatment using peat 
water treatment plants with activated charcoal is 47.72% effectiveness. When compared with the drinking water 
quality standard of 6.5-8.5, the peat water from the installation using activated charcoal can improve the quality of 
peat water from acidic to alkaline and meet the quality standard according to the Minister of Health Regulation of 
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the Republic of Indonesia Number 492 of 2010 This statement is supported by the opinion of Hysocc (2013), that pH 
is the degree of acidity used to express the acidity or basicity of a solution. PH values below 7 are acidic and above 7 
are alkaline. Water can be consumed by the community if the pH of the water is within the range of drinking water 
quality standards. Acidic water can cause itching, diarrhea and scaly skin (Suhendra et al, 2012). Based on the results 
obtained, it can be seen that the filtration process with activated charcoal has decreased the pH value with the alleged 
filtration process with a filter can reduce the pH value of water. Whereas in the filtration process with the addition 
of activated charcoal, the pH value is quite high, thus apart from being used as an absorbent, it is suspected that 
activated charcoal can also be used to increase the pH value in water. Thus, it can be said that the filtration process 
by adding activated palm shells (Elaeis guineensis) is good enough to improve acidic water quality.  This statement 
is supported by the opinion of Suhartana (2006), that a decrease in the pH value of water after being given coconut 
fiber charcoal filtrate, because coconut coir charcoal also contains calcium carbonate salts, which at certain times 
will be able to dissolve in water. 

From the results of the peat water treatment plant using activated charcoal although it can improve the acidic 
pH to alkaline, but the iron (Fe) content is still relatively large and does not meet clean water quality standards in 
accordance with the Regulation of the Minister of Health of the Republic of Indonesia Number 492 of 2010, but there 
are improvement of peat water quality. 
 

4. CONCLUSIONS AND RECOMMENDATIONS 
 

 CONCLUSIONS  
 
The results of testing the effectiveness of peat water installation with activated charcoal as a result of activation 

by immersion using Phosphoric Acid (H3PO4) with a grain size of palm shell charcoal of 200 mesh can improve the 
quality of peat water but do not meet clean water quality standards that are fit for drinking. An increase in peat water 
pH from 4.443 to 6.4 - 6.5, and a decrease in Fe content from 9.43 mg / l to 2.275 - 3.309 mg / l.  

 
 RECOMMENDATIONS 

 
Based on the results of this study it is recommended that the use of peat water for daily life needs to be treated 

first if it will be used by the community, so it does not have a negative impact on health. 
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