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Abstract
Developing an adsorbent with natural components is one of the effective methods to reduce the 
amount of wastewater pollutants. Wastewater reuse can improve the quality of water prior to 
entering the natural environment. The aim of this study was to evaluate the efficiency of chitosan 
nano-composite and activated carbon adsorbent in the removal of nitrite, phosphate, and ammonia 
pollutants from fish farms of Aq-Qala. To prepare the adsorbents, the shrimp shells were converted to 
nano-chitosan. The date palm kernel was prepared and activated with oxalic acid in pyrolysis furnace 
by injecting nitrogen gas into activated carbon, then, the nano-composite was prepared from nano-
chitosan and activated carbon. A field-laboratory study was conducted during the winter of 2018, 
and then, batches of synthesized nano-composite were investigated and the effects of pH, initial 
effluent concentration, and adsorption time were investigated. The experiments were performed in 
the pH range of 5-8, effluent concentration of 25-100 mg/L, and contact time of 15-90 minutes. The 
results showed that at optimum conditions (pH of 7, effluent concentration of 50 mg/L, and contact 
time of 60 minutes), the highest removal percentage and adsorption capacity for nitrite, phosphate, 
and ammonia contaminants were 99.98%, 99.77%, and 65.65%, and 6.65, 6.14, and 7.32 mg/g 
, respectively. Due to the high removal percentage (99.98%) of the chitosan and activated carbon 
nano-composite, the adsorbent was highly capable of removing pollutants (nitrite, phosphate, and 
ammonia).
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1. Introduction
Due to the increasing water requirement, determination 

of its pollutants and optimum use of available water 
resources is essential. Wastewater is the result of human 
activities in various urban, agricultural, or industrial 
areas. Nowadays, there is a great emphasis on collecting 
and removing contaminants from different types of 
effluents due to the high ability of effluents to contaminate 
food sources and water and create favorable conditions 
for the growth of various pathogenic microorganisms 
(1). The effluent from fish farming activities is associated 
with the use of different fertilizers, foods with different 
compounds, types of drugs and toxins, each having 
a different impact on aquatic ecosystem, human life, 
and environment (2). Phosphates and nitrogenous 
compounds, especially ammonia and nitrite, can be 
harmful. Phosphate and ammonia in small amounts 
cause physiological and morphological changes as well as 
aquatic losses (3). Nitrite is also produced in aquaculture 

ponds by the nitrification process of ammonia and causes 
problems such as brown blood disease in fish and gastric 
and colon cancer in humans (4). Phosphate and nitrate, 
on the other hand, cause eutrophication in aquatic 
environments (5). Therefore, optimal management of 
pond effluents and fisheries requires information on the 
quantitative and qualitative characteristics of river water 
and its efficacy. 

Different systems and methods have been designed 
to treat wastewater, each with its own advantages and 
disadvantages (6). One way to overcome the disadvantages 
of these methods is to use the biological process of 
adsorption in the efficient treatment of effluents. This 
adsorption is classified into physical and chemical 
adsorption according to the nature of the bonds between 
the adsorbed cations and the adsorbent cation (7). 

One of the best techniques for the adsorption process 
is the use of natural adsorbents. Date kernels are natural 
organic sorbents that can be used as low-cost agricultural 
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waste and can be used to remove various pollutants (4). 
Other natural adsorbents include chitin and chitosan, 
which are among the natural minerals. Chitosan is a 
copolymer produced by N-deacetylation of chitin from 
crab and shrimp shells (7). It is discarded as an outer shell 
of molluscs and crustaceans and is used in various ways 
to eliminate pollutants (8). A composite is made from the 
combination of two adsorbents to form a chemical bond. 
In recent years, the use of nano-composite as adsorbents 
has received much attention. In a study by Rajeswari  and 
Pius on nitrate removal using chitosan/PEG and chitosan/
PVA polymer composites, it was shown that polyethylene 
glycol/chitosan and polyethyl alcohol/chitosan are useful 
in removing nitrate from aqueous solution (9). In a study 
by Park et al on phosphate removal using a chitosan 
titanium dioxide composite from aqueous solution, it 
was shown that this adsorbent composite was useful in 
the removal of phosphate was from aqueous solution (4). 
Using chitosan composite to remove nitrate and phosphate 
from aqueous solution, it was indicated that this nano-
composite had high efficiency in the removal of some 
pollutants such as nitrate and phosphate (7). The main 
reasons for using different materials for waste treatments 
were their efficiency, non-use of traditional adsorbents, 
and the discovery of better material properties. The results 
of this study indicated that chitosan can be used as an 
economical adsorbent for the absorption of heavy metals. 
However, the high cost is a very important limiting factor. 
Many researchers around the world are working to make 
the use of chitosan affordable in the absorption of heavy 
metals, which can be achieved if the scale of industrial 
production is reached.

Therefore, according to previous studies, chitosan 
nano-composite is one of the most effective adsorbents 
in removing pollutants from aquatic environments. 
In this study, chitosan and activated carbon nano-
composite were prepared to remove nitrite, phosphate, 
and ammonia. Physical and structural properties of 
the synthesized adsorbent were characterized using 
field emission scanning electron microscopy (FESEM) 
and Fourier-transform infrared spectroscopy (FTIR) 
techniques. The effect of pH, initial concentration, and 
time were investigated on the uptake of nitrite, phosphate, 
and ammonia pollutants from real wastewater samples.

2. Materials and Methods
2.1. Materials 

Chitosan nano-composite extracted from shrimp shells 
with activated carbon derived from date kernels was 
studied in a batch scale to improve the effluent treatment 
of fish farms. In order to study the qualitative parameters 
of effluent from fish farms of Aq-Qala, effluent samples 
were taken and transferred to water and wastewater 
organization of Golestan province. To prepare solutions 
containing nitrite, phosphate, and ammonia, 25%, 50%, 
75%, 100% effluent concentrations were poured into a 

1000 mL volumetric flask, diluted with deionized distilled 
water and brought to volume. To adjust the pH, 0.1 
M NaOH and HNO3 solutions were used, which were 
purchased from Merck, Germany.

2.2. Adsorbent Preparation
Three percent nano-chitosan gel with chemical formula 

of (C6H11NO4)n, average diameter of 40 nm, de-acetylated 
degree of 80 to 85 nm, and molecular weight of 5000-
100 000 was prepared by Nano Novin Polymer Co, Iran. 
To prepare activated carbon from palm kernel, 200 g 
of palm kernels was dried at ambient temperature and 
ground by grinding mill. Then, 20 g of palm kernel was 
dissolved in 0.2 mM oxalic acid and activated to convert 
carbon to nitrogen gas in a pyrolysis furnace for 4 hours. 
Finally, it was washed several times with distilled water 
and incubated at 70°C for 12 hours.

2.3. Preparation of Nano-composite
In order to form chitosan nano-composite, first, 20 g 

of date palm kernel ash was dissolved in 0.2 mM oxalic 
acid for 4 hours. Then, it was washed several times with 
distilled water to reach a neutral pH. Afterwards, it was 
placed in an oven at 70°C and dried for 12 hours to obtain 
treated ash. Then, a certain amount of nano-chitosan was 
dissolved in a solution of 0.2 mM oxalic acid solution at 
45-50°C. Then, 20 g of activated carbon from the palm 
kernel with oxalic acid was gently added to the nano-
chitosan gel. Then, it was placed on a hot plate at 40°C for 
12 hours. The composite was immersed in 0.7 M NaOH 
solution and finally, it was washed several times with 
distilled water to neutralize (10).

2.4. Methods
Experiments were carried out in batch system under 

the same conditions.  To do so, one of the parameters 
(pH, contact time, and effluent concentration) and 
other parameters (adsorbent dose) were kept constant 
at each stage. At least three replicates were performed 
for each experiment. Experiments were performed in 
the pH range of 5 to 8, contaminant concentration of 25 
to 100 mg/L, contact time of 15 to 90 minutes. First, the 
optimum pH with the optimum adsorption efficiency was 
determined, and then, all experiments were performed at 
the pH obtained. The optimum effluent concentration 
was then determined after reaching the equilibrium state. 
After obtaining the optimum values   of the expressed 
parameters, the parameter of the contact duration was 
also investigated by adjusting the conditions based on 
them. The experiment was performed by pouring 100 
mg/L of the desired concentration into 300 mL, adjusting 
the pH of the solution, adding a certain amount of nano-
composite to the effluent at ambient temperature. The 
stirrer was subjected to stirring for a specified period of 
time. The solution was then centrifuged for 5 minutes 
at 4000 rpm. Finally, the residual effluent concentration 
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in the solution was read using a photometer 7100. The 
effect of each parameter was evaluated by changing the 
desired parameter and taking into account the other 
parameters mentioned. The amount of nitrite, phosphate, 
and ammonia in equilibrium state was calculated through 
equations 1 and 2 (11).
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In this formula, qe is the amount of metal ions adsorbed per 
unit mass of adsorbent in mg/g, Co is initial concentration 
of metal before adsorption in mg/L, Ce is concentration of 
metal remaining in solution after equilibrium adsorption 
in mg/g, v is the volume of soluble volume in liters, and M 
is the absorbent mass in g (10).

FESEM was used for imaging nanoparticle morphology, 
appearance, particle shape determination, porosity and 
particle size distribution. FESEM (MIRA 3) was used 
to determine the characteristics and size distribution 
of nano-composite. FT-IR (WQF-520) was applied 
for obtaining spectra and identifying molecules and 
functional groups. 

3. Results and Discussion
3.1. Examination of the Structural Properties of 
Prepared Nanoparticles
3.1.1. Field Emission Scanning Electron Microscopy 
(FESEM)

Figs. 1a and 1b show the nanoparticle dimensions of 
about 20 to 25 nm. Pores and voids (nitrite, ammonia, 
and phosphate) are easily visible. As shown in Fig. 1, 
deep and irregular cavities are created which reflect the 

increase of the specific adsorbent level, the heterogeneous 
energy distribution on the adsorbent surface and the 
better absorption of the pollutants. Scanning electron 
microscopy was used to observe the physical shape of the 
surface of nano-absorbent samples. The obtained images 
show the pre- and post-absorption phases, respectively. 
The pores and pores in the pre-adsorbed form of the nano-
composite indicate vacancies that can absorb phosphate, 
nitrate, and ammonia ions. According to the images, nano-
chitosan composites can absorb more pollutants due to 
their specific surface area. As can be seen in the pictures 
after the adsorption, many active sites are still available 
which are not yet filled, which means that the adsorbent 
can be reused several times in the continuous adsorption 
system without reduction of absorption efficiency.

3.1.2. Fourier-Transform Infrared Spectroscopy 
FTIR spectra of chitosan nano-composite before and 

after pollutant adsorption were prepared. Table 1 shows 
the peaks of the nano-composite before and after the 
adsorption. In the FTIR spectrum before contaminant 
adsorption, from the left, the broad and wide peak in 
the 3000-3600 cm-1 (3431.40 cm-1) region of the OH- 
(hydroxyl) functional group or NH-. The peak of the 
1584.77 cm-1 region belongs to the C = O functional 
group. The next weak band in the region of 1377.29 cm-1 
probably belongs to the c-o functional group (Table 1(.
 
3.1.3. Effect of pH

The pH changes may affect the adsorption sites present 
on the adsorbent surface (Figs. 2 and 3). The effect of pH 
in the range of 5 to 8 on nitrite, phosphate and ammonia 
uptake by chitosan nano-composite and date kernel was 
investigated under initial concentration of 100 mg/L, 
adsorbent dosage of 1 g and contact time of 60 minutes. 
In this adsorbent, the highest percentage at pH 7 for 

Fig. 1. FE-SEM Images of (a) Chitosan-activated Carbon Nano-composite Before Adsorption, (b) 
After Adsorption

A B
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phosphate, ammonia, and nitrite were about 99.77%, 
99.98%, and 99.98%, and adsorption capacity values were 
4.75, 6.14, and 5.97 mg/g, respectively. pH is one of the 
important factors affecting the absorption of pollutants. 
This parameter can change the adsorbent and adsorbent 
properties and affect the adsorbent load in the adsorption 
process (11). In fact, the purpose of investigating the 
effects of different pH values is to determine the optimum 
pH and it is one of the most important parameters for the 
removal of pollutants by the adsorbent. Physicochemical 
interactions affect the adsorption process and the 
electrostatic effect of ion binding is similar to the 
functional groups which are crucial in the presence of 
contaminant removal reactions (12).

According to the results obtained, the highest removal 
and adsorption capacity occurred at pH 7 and they 
decreased by increasing pH up to 8. The reason is that at 
pH values below 6, the H+ ions and pollutant ions were 
formed to bind to the adsorbent surface, resulting in a 
lower adsorption rate at pH below 6. The adsorption rate 
increased with increasing pH and reached its maximum 
value at pH 7 because negative charge was found in 
the carboxylate functional groups which increased the 
adsorption of the pollutant. 

Carboxylate groups are negative charge groups which 
created a strong center for the adsorption of pollutants 
in the adsorbent structure. As the pH of the solution 
increased and the alkalinity of the medium increased, 
the number of OH- ions in solution increased, which 
resulted in the deposition of pollutants and a decrease 
in adsorption. In fact, the adsorption rate increased by 
approaching the neutral pH due to the release of OH 
ions and the carbon surface charge, and with functional 
groups such as -COOH, chemical adsorption was formed 
and finally, a surface complex formed due to the presence 
of contaminants in the porous space, which increased the 
adsorption rate (13). In a study by Zhang and Gao  on the 
removal of arsenic, methylene blue, and phosphate using 
coal/alum nano-composite, the optimum phosphate 
uptake was observed in the pH range of 6 to 8 and the 
uptake of phosphate increased with increasing pH up to 8. 
The adsorption rate decreased due to the repulsive force 
between the phosphate and the graphene surface having 
a negative charge. The highest adsorption efficiency was 
99.1% at pH 7. As mentioned, the adsorption was better 
at alkaline pH but it decreased at acidic pH, which is 
consistent with our research findings (14). 

In a study by Mor et al on the removal of phosphate 
from wastewater using nano-alumina and activated 
carbon, pH was found to be highly effective in adsorption 

and the adsorption was at its lowest value at pH 2. The 
highest uptake rate occurred at pH 7, which is consistent 
with the present study (15). In a study by Rajeswari and 
Pius on the removal of nitrate using chitosan/PEG and 
chitosan/PVA polymer composites, the highest removal 
percentage was obtained at pH 7 and it is stated that the 
highest adsorption of cadmium was observed at neutral 
pH (9), which is consistent with the findings of our study. 

3.1.4. Effect of Initial Concentration
Experiments were performed at pH value of 7, 

contact time of 60 minutes, adsorbent dose of 1 g in the 
concentration range of 25-100 mg/L. The percentages of 
adsorption reduced with increasing metal concentration. 
The adsorption capacities initially increased rapidly but it 
reduced at 50 mg/L concentration. Figs 4 and 5 illustrate 
the effect of initial concentration on removal percentage 
and adsorption capacity. In our study, the removal 
efficiency reduces with increasing initial concentration 
of pollutant; however, the adsorption capacity increased. 
The initial concentration changes were directly 
proportional to the adsorption capacity. Increasing the 
initial concentration had a negative effect on removal 
efficiency, it means, with increasing initial concentration 

Table 1. FTIR Spectra of Nano-composite

Wave number (cm-1)  

3431.4 1584.77 1377.29 1188.23 1080.39

 
 

 

 
 Figure 2. pH capacity adsorption phosphate, nitrite and 
ammonia (concentration of 100 mg /L, adsorbent dose 1 g, 
time 60 min). 
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Figure 3. pH percentage adsorption phosphate, nitrite and ammonia (concentration of 100 mg/L, adsorbent dose 

1 g, time 60 min) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

97.5

98

98.5

99

99.5

100

100.5

5 6 7 8

R
em

ov
al

 o
f a

ds
or

pt
io

n(
%

)

PH

PO4
NO3
NH3

Fig. 2. Adsorption Capacity for Phosphate, Nitrite, and Ammonia 
at Various pH Values (concentration of 100 mg /L, adsorbent dose 
of 1 g, and contact time of 60 min).

Fig. 3. Adsorption Percentage of Phosphate, Nitrite, and Ammonia 
at Various pH Values (concentration of 100 mg/L, adsorbent dose 
of 1 g, and contact time of 60 min).
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of the pollutant, the adsorption efficiency decreased, 
which is normal. Although the adsorption of these 
ions decreased with increasing initial concentration, 
the adsorption capacity of the adsorbent increased. As 
the initial concentration increased, the number of ions 
competing for the reaction with the adsorbent surface 
functional groups increased, resulting in the saturation of 
the active sites (15). 

The adsorption capacity increased as the concentration 
of contaminants in the solution increased. In addition, 
increasing the concentrations of contaminants increased 
the number of collisions between nitrite, phosphate, 
ammonia, and adsorbents, which in turn accelerated 
the adsorption process. It means that the adsorption 
capacity enhanced with increasing concentration of the 
contaminant in the solution. In fact, in an adsorption 
process, the initial concentration of pollutant ions in the 
solution played a key role as the driving force to overcome 
the mass transfer resistance between the liquid and 
solid phase. The uptake increases with increasing initial 

concentration (16, 17).
Similar studies have been conducted by researchers to 

investigate the effect of initial concentration on removal 
rate. In a study performed on the removal of nitrate and 
phosphate using chitosan/Al2O3/Fe3O4 nano-composite 
compared to chitosan/Al2O3/Fe3O4 nano-composite, 
the results showed that pH, heavy metal concentration, 
time, and adsorbent dose were effective parameters. The 
highest removal occurred at pH 6, metal concentration of 
2 mg/L, time of 360 minutes, and adsorbent content of 3 
g/L (18).

3.1.5. Effect of Contact Time 
The effective contact time ranged from 15 to 90 

minutes at pH 7, initial concentration of 100 mg/L, 
and adsorbent dose of 1 g. Figs. 6 and 7 show removal 
and adsorption capacity. The results showed that with 
increasing temperature, the removal percentage and 
adsorption capacity increased. In this adsorbent, the 
highest percentage and adsorption capacity at 60 minutes 
for phosphate, ammonia, and nitrite were about 98.54%, 
98.54%, and 98.51% and 7.32, 5.85, and 6.65%, respectively. 

 

 
Figure 4. Concentration  capacity adsorption phosphate, 
nitrite and ammonia (60 min time, adsorbent dose 1 g, pH 
=7 ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0
0.2
0.4
0.6
0.8

1
1.2
1.4

0 50 100 150

C
ap

ac
ity

 a
ds

or
pt

io
n(

m
g/

g)

Concentration(mg/L)

PO4

NO3
NH3

 

 
Figure 5. Concentration percentage adsorption phosphate, nitrite and ammonia (60 min time, 1 g adsorbent dose, 
pH =7 ) 
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Figure 6. Contact time capacity adsorption phosphate, nitrite and 
ammonia (concentration of 100 mg/L, adsorbent dose 1 g, pH =7) 
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Figure 7. Contact time percentage adsorption phosphate, nitrite and ammonia (concentration of 100 mg/L, 
adsorbent dose 1 g, pH = 7) 
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Fig. 6. Adsorption Capacity for Phosphate, Nitrite, and Ammonia 
at Various Contact Time (concentration of 100 mg/L, adsorbent 
dose of 1 g, and pH of 7).

Fig. 7. Adsorption Percentage of Phosphate, Nitrite and Ammonia 
at Various Contact Time (concentration of 100 mg/L, adsorbent 
dose of 1 g, and pH of 7).

Fig. 4. Adsorption Capacity for Phosphate, Nitrite, and Ammonia 
at Various Initial Concentrations (time of 60 min, adsorbent dose 
of 1 g, and pH of 7(.

Fig. 5. Adsorption Percentage of Phosphate, Nitrite and Ammonia 
at Various Initial Concentrations (time of 60 min, adsorbent dose 
of 1 g, and pH of 7(.
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The absorption was almost constant at 120 minutes. 
Therefore, contact time of 60 minutes was considered as 
the balance time. The shape of the adsorption capacity 
and the percentage of adsorption were similar and both 
increased with increasing contact time. The experiment 
was performed in the time range of 15 to 90 minutes. As 
observed in the previous sections, the absorption rate was 
very high in the early times, and the absorption efficiency 
and capacity increased with time but the intensity of 
absorption decreased. 

The absorption rate during the first 60 minutes was 
much faster compared to subsequent contact times. As 
shown in the results, the curve had a steep slope for the 
first 30 minutes, and then it got steady by increasing 
the contact time; however, no significant changes were 
observed in the amount of pollutants absorbed after 60 
minutes. The reason for this is the presence of high active 
sites on the adsorbent surfaces at the beginning of the 
adsorption process, which, approached the saturation 
limit after about 60 minutes and the adsorption rate 
decreased (19,20). On the other hand, the constancy of 
adsorption after a certain period of time can be attributed 
to the absorption capacity of both adsorbents due to the 
existence of vacancies available for adsorption which were 
initially more and the sites were occupied over time. The 
residual vacancy became problematic due to the repulsive 
force between the solid phase and the solution (13).

Additionally, the rapid uptake of nitrite, phosphate, 
and ammonia in early times can be attributed to the high 
surface area of   the adsorbent and the high number of 
active functional groups to complex the adsorbent ions, 
which are easily accessible to contaminant ions (21,22). 
In fact, the first stage is the rapid adsorption phase on 
the adsorbent surface and the second is the slow phase 
of internal mass transfer. In the first case, most of the 
adsorbent pores were empty and the adsorption occurred 
rapidly. However, with the passage of time and the gradual 
filling of the pores, the penetration of the contaminant 
ions through the adsorbed ions and the bonding to the 
vacant surfaces slowed the adsorption process (23,24). 
Similar studies have been conducted by researchers 
to investigate the effect of time on the removal rates of 
nitrite, phosphate, and ammonia. The effect of contact 
time on the adsorption was studied on the adsorption for 
nitrate removal using chitosan/PEG and chitosan/PVA 
polymer composites, and it was found that the elevation 
of duration increased nitrate uptake (9). The removal of 
nitrate and phosphate was investigated using chitosan/
Al2O3/Fe3O4nano-composite compared with chitosan/
Al2O3/Fe3O4 nanoparticles, as well as the effect of contact 
time parameters, heavy metal concentration, and pH on 
adsorption. The highest amount of pollutant removal 
occurred within 60 minutes (18). 
4. Conclusion
The purpose of this study was to evaluate and compare 
the adsorption efficiency and optimize the conditions 

governing the adsorption process for the use of available 
adsorbents. According to the present study, the use of 
nano-composite (chitosan and activated carbon) had 
a significant role in the treatment of wastewater in fish 
farms (R2=99.98%). The determination of adsorbent dose 
is one of the important parameters in the adsorption test. 
This will reduce the operating costs of the treatment as 
well as the pollution and sludge produced. In this study, 
the adsorption efficiency increased with increasing pH; 
however, it decreased at pH above 7. Moreover, the best 
adsorption occurred at pH 7. It was also observed that 
increasing the initial concentration of the contaminant 
resulted in a decrease in the efficiency of the removal 
process. The effect of contact time on adsorption efficiency 
was investigated and it was shown that the adsorption 
efficiency increased with increasing contact time. Finally, 
due to the high removal percentage (R2=99.98%), the 
chitosan and activated carbon nano-composite had great 
potential for removal of pollutants (nitrite, phosphate, 
and ammonia).
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