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Abstract—The main problem in treatment peat water is 

related to its specific characteristics, such as low pH (3-4), high 

organic content, high Fe and Mn content, and dark brown or 

black water. The objectives of this research are: (1) to determine 

the potency and effectiveness of chitin as an adsorbent in black 

water treatment process using column system, and (2) to know 

the desorption capability of dilute acid toward the Fe and Mn 

cations that adsorbed in chitin column. The results showed that 

chitin was successfully isolated from shrimp waste by hydrolysis 

reaction (including three steps namely deproteination, 

decalcification, and decolorizing). Chitin column system is 

effective enough to be used as an adsorbent black water. Active 

sites of chitin (acetamide and hydroxyl) have the ability to 

adsorb metals contained in the black water of eco-friendly land. 

The maximum ability of chitin in black water treatment 

happened at 30 cm display column and 6 drops/min for flow rate. 

In this maximum condition, chitin column ability reduces Fe, 

Mn, dissolved solids, BOD, COD, pH, temperature, and color 

respectively as much as 86.69%, 91.80%, 98.67%, up to 275%, 

below 99%, neutral pH range, normal air temperature, and 

colorless. Thus, chitin can be utilized to treat black water until it 

is suitable to drink. People knowledge about chitin potency as 

the adsorbent in black water can transform the habit of people 

around black water environment in using black water. Black 

water will be used by people around peatland environment after 

the treatment by chitin as a tool to the black water treatment 

process.    
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 I. INTRODUCTION   

Nationally, the peatland in Indonesia reaches 20.6 million 
ha. Peat and swamplands spread over four major islands 
namely 35% of it in Sumatra, 32% in Kalimantan, 3% in 
Sulawesi 3%, and 30% in Papua. The existence of large 
peatland, potentially to be exploited in South Kalimantan 
Province considering its total area is approximately 331,629 
ha [1]. Most of South Kalimantan area is the bog where many 
people around it still uses the bog water that is known as black 
water, as drinking, bath, and washing. Although, this water 
still contains many cations and suspended organic matter.         
The effect of the health complaints suffered by the people are  
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itching, diarrhea, and scaly skin [2]. This can be caused by the 
water that can be said to be dirty.  

Various methods are available for the removal of toxic 
pollutants from water and wastewater including reverse osmosis, 
ion exchange, precipitation, electro-dialysis, and adsorption. 
Recently, various approaches have been studied for the 
development of cheaper and effective adsorbents. These low-
cost adsorbents include natural materials, bio-sorbents, and 
waste materials resulting from industrial and agricultural 
activities. These materials can be used as adsorbents for the 
removal of dyes and ions from solution. Some of the reported 
adsorbents include agricultural and poultry by-products 
(eggshell waste, bagasse pith, maize cob, hen feathers, rice husk, 
and coconut shell), industrial waste products (waste carbon 
slurries and metal hydroxide sludge), clay materials (bentonite 
and kaolinite), zeolites, siliceous material (silica beads, alunite, 
and perlite), bio-sorbents (chitosan, peat, and biomass) and 
others (starch, cyclodextrin, and cotton), microorganisms such as 
algae [3-13]. Chitosan has received considerable interest for 
heavy metals removal due to its excellent metal-binding 
capacities and low cost, as can be obtained for free from fishery 
wastes such as shrimp, lobster, and crab shells [14-18].  

Cost is actually an important parameter for comparing the 
adsorbent materials. According to Bailey et al. [19], an adsorbent 
can be considered a low-cost one if it requires little processing. 
It is abundant in nature or is a by-product or waste material 
resulting from another industry. Certain waste products from 
industrial and agricultural operations, natural materials, and bio 
sorbents represent potentially economical alternative adsorbents. 
Many of them have already been tested and proposed for dye and 
ions removal on water and wastewater decontamination. One of 
the alternative methods is the use of chitin matter as stationary 
phase of adsorption column.   

The research problems of this study are: (1) How are the 
potency and effectiveness of chitin as an adsorbent in black water 
treatment process using column system? and (2) how is the 
desorption capability of dilute acid toward the Fe and Mn cations 
that adsorbed in the chitin columns?  

The objectives of this study are: (1) to determine the 
potency and effectiveness of chitin as an adsorbent in black 
water treatment process using column system, and (2) to 
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know the desorption capability of dilute acid toward the Fe 
and Mn cations that adsorbed in chitin column.  

 

II. LITERATURE REVIEW  

A. Chitin  

Chitin is the main constituent polysaccharide of many- 
legged animal skins (such as crabs), insects, and hard-skinned 
animals such as shrimp and crabs. Chitin is also found in the 
cell wall mushroom such as Rhizopus arrhizus, Aspergillus 
niger, and yeast like Saccharomyces cerevisiae. It is 
estimated that plants and animals produce more than 100 
billion tons of chitin every year and second most biopolymer 
in nature.  

Chitin is a protein-bound polysaccharide. Low protein 
content caused its easy to deproteination (removal of 
proteins) and if followed by decalcification (removal of 
calcium carbonate) on the skin of crustacea, chitin will be 
obtained. Deproteination uses a base such as NaOH, whereas 
decalcification uses an acid, such as hydrochloric acid. The 
structure of chitin is presented in Figure 1.  

 
  Fig. 1. Chitin structure  

B. Adsorption Models  

The adsorption capacity depends on several variables, 
such as the concentration of the pollutants, the pH of the 
medium, the contact time, and the accessibility of the 
pollutants to the inner surface of the adsorbent, which in turn 
depends on their size, among others [20]. Langmuir and 
Freundlich isotherm models are frequently used isotherm 
models for describing short-term and mono component 
adsorption of metal ions by different materials [21-24]. The 
free energy change of sorption can be calculated by Equation 

(1): Go= -RT ln K where G0 is standard free energy change, 

R is the universal gas constant (8,314 J/mole/K), T is the 
absolute temperature and K is equilibrium constant. K is the 
equilibrium constant which is one of the Langmuir 
parameters. So, by determining K, can also be determined the 
energy of adsorption process. According to Lynam et. al. 
[25], the chemical adsorption energy is in the range of 42-420 
KJ/mole, and less than 42 KJ/mole is the physical adsorption.  

 

C. Black Water Treatment  

Black water, also called peat water, is a source of surface 
water found in Kalimantan, dark brown to black (124-850 
PtCo), high organic content (138-1560 mg/L KMnO4) and 
acidic (pH 3,7-5,3). The color of this water is caused by high 
content of dissolved organic matter (humus material), 
especially in the form of humus acid and its derivatives 
[26][27]. Besides water is black, the decomposition of 

organic substances also results in peat water containing high 
levels of Fe and Mn [28]. The water condition indicates that 
peat water still requires special processing before it can be 
used as a source of water for domestic purposes.  

Peat water is one of the groundwaters that does not meet 
health requirements but is used by some people who are in 
tidal areas. This is due to circumstances that do not support 
for the community to obtain clean water, so people use peat 
water [29]. Water from the peat areas needs to be specifically 
processed by increasing the stages in the processing process. 
The stage is the phase of neutralization of pH and removes 
the color. Neutralization processes as well as other processes 
such as coagulation have been widely reported in the 
literature. Meanwhile, research on removing peat color in 
order to improve its quality to clean water is still quite diverse 
in various methods [30-32]. This is allegedly related to the 
variety of characteristics/origin of used peat water and 
methods used. The color of dark chocolate to the blackness of 
peat water is due to the compound of humification (humic 
acid and folic acid), besides minerals Fe and Mn. Both 
compounds are heterogeneous in molecular weight, carboxyl 
content, total acidity and solubility in acidic bases.  

Black water treatment is highly dependent on the 
characteristics and quality of water. Black water treatment 
process is classified into two, (1) Pretreatment. This process 
can be physical or chemical. Physical treatment is carried out 
to separate floating substances and suspended solids in black 
water. In the chemical process, certain chemicals are added to 
separate solute components examples by chemical 
precipitation, neutralization, disinfecting and aeration. (2) 
Ultimate disposal. This treatment is an advanced process 
aimed at removing organic and inorganic compounds. This 
process can be done physically, chemically, biologically 
through filtration, adsorption, reduction-oxidation, and 
bacteria.  

Water treatment is very important to improve the quality 
of contaminated water sources. The flocculation coagulation 
stage is an important stage in clean water treatment as it 
affects the effectiveness of subsequent water treatment stages  

[28], [33]. and [34]. The use of  coagulant  alum and PAC 
(Poly Aluminum Chloride), neutralization, and disinfection is 
very common to improve the quality of raw water into clean 
water. It is also expanded in order to treat peat water. Various 
combinations of methods have been reported in the literature 
in order to decrease the level of color, organic and inorganic 
compounds such as filtration, reverse osmosis, and 
adsorption. The use of a combination of coagulant, pH-
neutralizer, and adsorbent is potent enough to improve the 
quality of peat water into clean water.  

One of the recently developed adsorbents is chitin and 
chitosan. Several studies have led to the role of chitin and 
chitosan as adsorbents. Nainggolan in Gea [35] reported that 
chitin had an ability to adsorb polymeric aromatic 
hydrocarbons (HAP) such as anthracene and chrysene. 
Reference [36] success make immobilization of humus acid 
on chitin and applied to the adsorption of Cr(III). Reference 
[37] used chitosan column system to adsorb Fe and Mn 
metals, as well as organic solids from black water.  
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D. Water Quality Standards  

Water quality standards are the parameters used to 
determine water quality. The water produced must meet 
quality requirements that include the physical, chemical, 
microbiological and radioactive requirements as set out in 
the regulation of the Minister of Health of the Republic of 
Indonesia No.492/Menkes/Per/IV/2010 concerning Water 
Quality Requirements. The regulation has been adapted to 
WHO standard.  

E. Knowledge and Cultural Transformation  

The high and low of a civilization reflected from the 
knowledge of the people. A society that has knowledge, uses 
that knowledge to build its civilization. In addition, 
knowledge is the key to the survival of a civilization. History 
has been proved that knowledge becomes the main pillar in 
supporting the survival of a civilization. A growing 
knowledge, participating in giving change a civilization. 
Thus, knowledge and civilization (culture) are two sides of 
the inseparable currency.  

Hypothesis. The hypotheses in this study were: (1) chitin 
effectively reduces heavy metals and dissolved solids in 
black water, (2) reduction of heavy metals and dissolved 
solids in black water influenced by black water flow velocity 
and chitin column lengths used, and (3) people knowledge 
about chitin as tools to black water treatment can transform 
the people habit in peatland environment.  

III. RESEARCH METHOD  

A. Research Location  

       This research was carried out in Chemistry Laboratory, 
Faculty of Teacher Training and Education University of 
Lambung Mangkurat Banjarmasin and metal analyzed by 
AAS in the Health Laboratory Banjarmasin.  

  

 

 

 

B. Research Procedure.  

Chitin isolation is conducted by hydrolysis reaction include 
three steps namely deproteination using NaOH 3.5%, 
decalcification using HCl 1N and decolorizing using NaOCl 
2%.   

• Pretreatment. Chitin coagulation using poly aluminum 
chloride (PAC) and filtration. After that neutralization 
reaction using alkaline. Neutralization reaction aims to 
have black water with pH 6-8.  

• Preparation of adsorbent in columns. Chitin was dried 
on the temperature of 60oC, and followed by sieving on 
170 mesh sieve shakers. Then, the column is filled with 
mush of chitin according to the column length variable.  

• Test of optimal column. 50 mL black water respectively, 
is flowed pass the columns of chitin with length variation 
of column 5, 10, 15 and 20 and 25 cm with flow rate of 
10 drop/minute. Then, the concentration of Fe, Mn, and 
suspended organic matter in the black water determine 
before and after pass the column. Fe and Mn were 
analyzed by AAS and suspended organic matter by 
evaporation method.  

• Test of maximum reduction capability of chitin columns. 
50 mL black water is flowed pass the chitin columns with 
the optimal length. Then, Fe and Mn cations were 
analyzed by AAS and suspended organic matter 
determine by evaporation method.  

• Desorption test. Chitin columns adsorbed Fe and Mn 

cations are eluded with HNO3 0,5 M. Then, Fe and Mn 

desorbed in the filtrate determined by AAS.  

C. Data Analysis  

      The research data were analyzed by using descriptive 
method. The reduction capability of chitin columns approach 
as well as presentation.    

(1) column length variable is used to determine the optimal 

reduction of Fe and Mn cations and suspended organic 

matter in black water. 

 

TABLE 1. REDUCTION CAPABILITY OF CHITIN COLUMN  

Parameter  Unit  
 Column length variation (diameter of 1 cm)   

Reduction capability, %  
K.0  K.1  K.2  K.3  K.4  K.5  

Fe  mg/L  10,3440  7,7693  1,8129  1,9046  1,4892  1,3772  86,69  
Mn  mg/L  0,2000  0,0324  0,0136  0,0166  0,081  0,0164  91,8  

Suspended organic matter  mg/L  210  40,2  67,3  21,1  5,2  2,8  98,67  
BOD  mg/L  4  8  5  7  10  11  275  
COD  mg/L  160  88  11,2  6,4  9,6  1,6  99  

Temperature  °C  29,3  28,1  27,2  27,2  27,3  27,4    

pH  -  3,88  4,25  5,64  6,14  6,18  6,50    

Color  -  
Dark 

brown  
Dark 

brown  
Light 

brown  
Clear 

brown  
Colorless  Colorless     

Description:     
K.0 = without flowed chitin column (original sample)     
K.1 = flowed chitin column of 5 cm length  

K.2 = flowed chitin column of 10 cm length  
 
 

K.3 = flowed chitin column of 15 cm length  

K.4 = flowed chitin column of 20 cm length   K.5 = flowed chitin column of 25 cm length 
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(2) concentration of Fe and Mn cations and suspended 
organic matter reduced is different between 
concentration before and after passing chitin columns.  

IV. RESULT AND DISCUSSION  

A. Chitin Isolate  

Chitin isolated by hydrolysis of shrimp shells waste is 
the white powder.  Chitin rendement counted 70,50% dry 
weight. While chitosan obtained from chitin by 
deacetylation reaction, give rendement of 56 % dry weight.  

 
B. Reduction Capability Test of Chitin Columns  

First, black water sample from Karang Anyar, District of 
Gambut is analyzed its content include Fe, Mn and 
suspended organic matter, to evaluate how is the water 
proper or not to be consumed by society. Analyze result as 
shown in Table 1, composition of Fe, Mn and suspended 
organic matter in Black Water, are so high according to the 
drinking water standard. So, it need the treatment before 
consuming.   

After prepared chitin stationary phase in varied length 
columns of 5, 10, 15, 20, 25 cm respectively, black water 
sample pass to the column at the flow rate of 10 drops per 
minute. Data resulted from this test are presented in Table 1.   

To determine the effectiveness of chitin column, results 
of black water treated after passing through the chitin 
column compared with water quality standard of drinking 
water. The result is shown in Table 2.  

TABLE 2. WATER QUALITY AFTER USING CHITIN COLUMN TOWARDS 

DRINKING WATER STANDARDS  

Parameter  Unit  
Chitin  

Column  

Chitosan  
Column  

[37]  

Drinking 

Water  
Standard  
(Permenkes, 

2010)  
Fe  mg/L  1,3772*  0,2715  0,3  

Mn  mg/L  0,0164  <0,002  0,1  

Suspended 

organic matter  mg/L  2,8  0,8  1000  

BOD  mg/L  11  9  10  

COD  mg/L  1,6  0,6  20  

Temperature  °C  27,4  26,8  air 

temperature  

pH  -  6,50  6,96  6,5-8,5  

Color  -  Colorless  Colorless  Colorless  

*not in accordance with drinking water standards 

 

Based on the parameters in Table 2, only Fe is not in 
accordance with drinking water standards. So this should be 
addition with an alkaline substance, and the chitin column 
length for processing 200 mL of black water is extended so 
that the Fe metal reduction becomes larger. This condition 
can be caused treatment process will improve the water 
quality.  

The optimum column length for black water treatment is 
25 cm for the reduction of Fe, Mn, suspended organic matter, 
BOD, COD, temperature, pH, and color. The reduction is due 
to the binding of the active sites present in chitin (acetamide 

and hydroxyl groups). Visually, after being treated with a 
hybrid pretreatment coagulation process and a chitin column 
system, black water undergoes a reduction in dissolved 
suspended organic matter, until it becomes clearer. The 
reduction of suspended organic matter is mainly due to more 
on the filtration mechanism, whereas chemical interactions 
can occur, but this is a small opportunity.  

The hybrid pretreatment coagulation process and chitin 
column system can be utilized to treat black water until it is 
suitable for use as clean water. This is evidenced by the facts 
of the research, there was improvement of black water quality 
after being processed by using hybrid pretreatment 
coagulation process and chitin system. Processed black water 
undergoes reduction of suspended organic matter, acidity, 
BOD, COD, temperature, color and cation levels of Fe and 
Mn. However, technically, the column needs to be tested 
again because the smaller the particle size will result in a 
compressed column so that the flow of the solution will be 
inhibited. Another alternative is a mixture of chitin with other 
materials such as activated carbon, zeolite or bentonite.  

After the black water sample is flowed to the chitin 
column, based on the continuous adsorption system, some 
parameters indicate the significant change, namely: (1) 
reduction of Fe more than 86,69; (2) reduction of Mn more 
than 91,80; (3) reduction of suspended organic matter is 98,67 
(4) pH value increased from 3.88 to 6.5 (nearly neutral). From 
the parameters above, just the pH that is not suitable for the 
drinking water standard. So, it has to be alkaline treated to 
increase pH until neutral. According to this data, it can be 
concluded that chitin successfully reduces almost all the 
parameter observed.   

Both of chitin columns have optimum length, 25 cm, for 
the reduction of Fe, Mn and suspended organic matter. 
Reduction of Fe and Mn cations from the black water caused 
by chemical interaction between these cations and active sites 
of chitin (acetamide and hydroxyl) or chitosan (amine and 
hydroxyl groups). Visually, after treated by chitin column, 
black water become clearer, that is indicated reducing 
suspended organic matter. This reducing is mainly predicted 
through the filtration mechanisms, even though chemical 
interaction can happen, but with small probability.  

C. Desorption of Fe and Mn Adsorbed by Columns using 

Dilute Acid  

Nitrite acid 0,5 M can desorb all the Fe and Mn adsorbed 
by column or have 100% desorption capability, as presented 
in Table 3. This fact shows that those columns can be 
recovered, with dilute acid solution before using again and 
again.   

TABLE 3. DESORPTION OF Fe AND Mn ADSORBED BY COLUMNS  
USING DILUTE ACID  

Parameter  Unit  

Desorption capability of dilute acid to chitin 

columns  
Adsorbed in 

column  
Desorption  % Capability  

Fe  mg/L  1,3680  1,3680  100  

Mn  mg/L  0,6437  0,6437  100  
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 Chitin has an N-acetyl and hydroxyl group. The presence of 

these groups on the chains of the chitin molecule, resulting 

in both being able to act as an electron-pair donor. Based on 

these properties, chitin has potential as an adsorbent that can 

interact with metal cations. In solution systems, the 

interactions between metal and adsorbent can be through 

physical mechanisms (physical adsorption) or chemical 

mechanisms (chemical adsorption) or both. Based on the 

results of [38] heavy metal adsorption energy such as Cd(II) 

by chitin is chemically interacting because it involves a 

relatively high adsorption energy of 73 kJ/mol. According 

to [25], the chemical adsorption energy is in the range of 42-

420 kJ/mol.  

Choline is also a polyelectrolyte that can bind fat and 
metal contaminants. Chitin has an N-acetyl group in which 
the N elements are highly reactive and alkaline. The 
principle of chitin coagulation is ion exchanger where the 
amine salt formed by N-acetyl reaction with acids will 
exchange the proton had by the pollutant metal with the 
electron had by nitrogen (N). Peat water containing metallic 
pollutants when reacted with chitin, especially with amino 
groups, it will turn into colloid and colloid is called 
flocculation. The mechanism of binding of Fe and Mn 
metals from swamp water by chitin is thought to be similar 
to the mechanism of binding of heavy metals in wastewater 
by chitosan [39]. In the above case there is a metal bonding 
by the group N and O. The metal will be bonded or absorbed, 
collected and there are metal flocs. Chitin with its binding 
ability or adsorptive power can be a harmless coagulant.  

Generally, this research concludes that chitin isolated 
from the shrimp shells waste can be used as column filler for 
treating black water so that it proper to use as source of 
consumption water. But, technically, it still requires 
experiment to evaluate particle size factor to avoid pursued 
column caused by too small size particle. Another 
alternative is mixture of chitin with other material, for 
example, active carbon or zeolite.  

D. Society Transformation in Peatland Environment  

People knowledge about use of chitin as a black water 
adsorbent from peat water can change people's habits in the 
use of black water or peat water. The success of the column 
technology using chitin in the purification of black water 
resulted in public awareness in using black water from peat. 
The results of this study indicate that black water on peatlands 
can be used as a source of raw water after the treatment 
process. Communities around the peat waters, generally using 
black water or peat water directly without going through 
water treatment. Knowledge of purifying black water with 
chitin can change people's habit in using black water. So that 
people can implement knowledge of black water purification 
with chitin in everyday life. This kind of society is in line with 
the opinion expressed by [40], that the cultural transformation 
of society, began from a deep understanding of a knowledge. 
With such an understanding, the individual gives new 
meaning to life, events, and its interaction with others. Once 
a person understands an in-depth knowledge, he immediately 
applies the concept, principle or procedure of knowledge to 
each of his corresponding interactions with others.  

V. CONCLUSION AND SUGGESTION  

Based on this research can be concluded: (1) the maximum 
ability of chitin in treatment black water happened at 25 cm 
display column and 6 drops/min for flow rate. In this 
maximum condition showed that chitin column ability to 
reducing Fe, Mn, dissolved solids, BOD, COD, pH, 
temperature, and color respectively were 86.69%, 91.80%, 
98.67%, up to 275%, below 99%, neutral pH range, normal air 
temperature, and colorless, (2) dilute acid, HNO3 0,5 M, 
effectively used for desorption of Fe and Mn cations adsorbed 
by chitin columns with 100% capability, (3) society 
knowledge about chitin function to treatment black water, 
potentially can transform society habit in using black water.    

For further research, we can suggest: (1) technically, it 
needs a test to evaluate particle size factor to avoid pursued 
column caused by too small size particle or use mixture 
particle of chitin with other material like active carbon or 
bentonite, (2) it need to study adsorption mechanism of chitin 
that are supported by SEM, X-ray diffraction, and chemistry 
computation data.  
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