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Research Paper
Isothermal and Kinetic Evaluation of Adsorption 
Fish Farm Effluents by Nanocomposites (Chitosan 
and Activated Carbon)

Background: In wastewater treatment, removal of phosphate and ammonia is of great importance. 
Chitosan is a copolymer, which can be applied in low-cost adsorption. Thus, in this study, chitosan and 
activated carbon nanocomposite adsorbents were prepared to remove organic pollutants from the fish 
farm effluents.
Methods: This study was performed at different physicochemical conditions of pH (5-8), effluent dose 
(25-100 mg/L), and contact time (15-90 min) minutes. Adsorption isotherm studies were analyzed using 
Freundlich, Langmuir models, and adsorption kinetics studies.
Results: The Langmuir and Freundlich isotherms for nitrite (R2=0.9076, R2=0.5911), phosphate 
(R2=0.9307, R2=0.5755), and ammonia (R2=0.7288 and R2=0.7549) were respectively obtained. 
According to the results, the data of nitrite and phosphate pollutants were more consistent with the 
Langmuir model, but the data of ammonia pollutants were more consistent with the Freundlich. The 
best optimal adsorption occurred at a pH=7. Elevation of the initial concentration of the pollutant led to 
the depletion of the removal functions. With increasing the contact time, adsorption efficiency increased.
Conclusion: Finally, with respect to the obtained elimination percentage (R=99.98%), chitosan and 
activated carbon nanocomposites have a high ability to remove organic pollutants.
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1. Introduction

he dominant anion in aquaculture systems 
is nitrogen compounds. The final product 
of excretion in aquaculture is ammonia, 

which in small quantities, causes physiological mor-
phological disorders, and at high levels affects the fish’s 
health., It is converted to compounds, such as nitrite and 
nitrate by ammonia decomposition agents [1, 2]. T
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Nitrite accumulation in an aqueous environment and 
at optimum pH and temperature conditions can lead 
to producing more toxic compounds that have higher 
toxicity than nitrate. On the other hand, these two com-
pounds and also by converting to ammonia and nitrate 
can cause eutrophication phenomena in aqueous envi-
ronments [3]. Water used in aquaculture includes organic 
and mineral materials, soluble minerals, dissolved gases, 
suspended materials, dissolved organic compounds, 
and microorganisms that affect the quality of aquacul-
ture water. Therefore, by examining the quantitative and 
qualitative changes in the effluent of pools and fish farm-
ing workshops and at the required time by appropriate 
management, the adverse environmental effects should 
be reduced. In order to overcome the disadvantages of 
physical and chemical methods, wastewater treatment 
is one of the methods in using the biological adsorption 
process on efficient wastewater treatment [4]. One of the 
best adsorbents for surface adsorption is using natural 
adsorbents. Date kernel is one of the natural organic ad-
sorbents, which can be used as a waste of cheap agri-
cultural wastes to remove different pollutants [5]. Chitin 
and Chitosan as another natural adsorbent can be named 
as natural adsorbent. Chitosan is a copolymer, which is 
prepared by the chitin of crustaceans [6]. This material 
is discarded as an outer covering of mollusks and crus-
tacean’s bodies and is used in various ways to remove 
pollutants. The advantages of adsorption with natural 
adsorbent are simple and easy design, no or very low 
sludge production, and relatively low cost compared 
with other methods, and regarding its reversibility, it can 
restore the adsorbents for other uses after adsorption us-
ing the appropriate and low-cost desorption operation. 
Also, the use of two adsorbents (composite) leads to the 
higher efficiency of the adsorbent via chemical bonding, 
such as covalent, ionic, van der Waals, etc. [7].

Removal of phosphate and ammonia is one of the im-
portant aspects of wastewater treatments. Phosphorus 
has been successfully removed from the effluent by vari-
ous treatments, such as chitosan and various nanocom-
posites [3, 7]. It has been known for many decades that 
the presence of phosphate and ammonia compounds in 
water can be completely injurious to the environment. 
Specifically, when released into the environment, phos-
phate and ammonia compounds can decrease the dis-
solved oxygen and exhibit toxicity towards aquatic life.

 Today, the application of nanocomposite as an adsor-
bent has attracted much attention. In a study conducted 
by Shokouh Saljoghi et al. [8] on the adsorption to re-
move nitrate using modified bentonite adsorbent, the 
results showed that this adsorbent is a useful material 

for nitrate removal from aqueous solutions. Cho et al. 
[7] used chitosan as an absorbent. The results showed 
that this nanocomposite had high efficiency in nitrate 
and phosphate removal. In a study on the adsorption in 
order to remove phosphate using chitosan with titanium 
dioxide from an aqueous solution, the results showed 
that this composite was a useful adsorbent for phosphate 
removal from aqueous solution [3]. Thus, in this study, 
chitosan and activated carbon nanocomposite adsorbent 
were prepared to remove organic pollutants from the fish 
farm effluents. Regarding the research innovation, for 
the first time, all sorbents were used from agricultural 
waste (date kernels) and fish farms (shrimp shells) to 
use nature-friendly materials to control pollutants in the 
same production systems.

2. Materials and Methods

This study was an experimental-applied study, in which 
the performance of chitosan-based nanocomposites with 
activated carbon derived from date kernel to improve the 
effluent management of hydrothermal fish farms in lab-
oratory-scale was studied. In March 2017, the effluent of 
hydrothermal fish farms of Aq-Qala (Golestan province, 
Iran) was sampled and used.

Laboratory equipment: The used devices were pho-
tometer (model 7100) to read effluent concentration, pH 
meter (8653, Taiwan) to check the pH value, digital scale 
model (Bands Bs - 3003) with an accuracy of 0.001 for 
weighting, Ikaks incubator shaker device (4000 IC; Ger-
many) for mixing adsorbents and soluble pollutants, and 
a centrifuge (Hermle Z300; USA) with an rpm speed of 
4000 to separate suspended particles from the solution. 

Preparation of the absorbent: The 3% nano-chitosan 
gel with a chemical formula of n(C6H11NO4), a mean di-
ameter of 40 nm, grade D-acetylene 80 to 85 nm, and a 
molecular weight of 5000-100000 daltons obtained by 
the chemical-mechanical method was prepared by the 
knowledge-based Novin Polymer Company. To make 
activated carbon, first, 200 g of date kernels were dried 
at room temperature after washing and crushed by a mill, 
and 20 g of the molded date kernels were converted to 
activated carbon [8].

Working method: the tests were carried out in the dis-
junct system and in the same condition such that at each 
stage, one parameter (pH, contact time, and wastewater 
concentration) was variable, and other parameters were 
maintained. The experiment was carried out in the pH 
range of 5-8, pollutant concentration of 25-100 mg/g, 
and contact time of 15-90 min. First, the suitable pH 
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with the optimal adsorption efficiency was determined, 
and then, all experiments were performed at the obtained 
pH. Then, the optimum wastewater concentration was 
determined after the system was reached to specific equi-
librium mode. After obtaining optimum values of the 
parameters, the contact time parameter was also investi-
gated. The experiments were carried out as follows: 100 
mL/l of effluent was poured at the desired concentration 
(300 mL), and then by adjusting the solution pH, a cer-
tain amount of nanocomposite was added to the effluent 
at room temperature for a certain period on the hot plate 
to contact the nano-adsorbent, and the effluent was sub-
jected to a stirring operation. Then, the solution was cen-
trifuged for 5 min at 4000 rpm, and finally, the remaining 
wastewater concentration was read in solution with the 
photometer (model: 7100). The effect of each parameter 
in all stages of the experiment was investigated. The per-
centage removal of the nitrite, phosphate, and ammonia 
was calculated in equilibrium through Equations 1 and 
2 [8-10]:

1. (Co-Ce) v
mqe=

2. (Co-Ce) v
co

% Removal × 100

Equilibrium model (adsorption isotherm)

The nature of forces involved in the adsorption process 
was investigated using isotherm analysis. The most com-
monly used isotherms are the Freundlich and Langmuir 
isotherms. In the Langmuir isotherm, the adsorbent mol-
ecules are placed in a single layer on the adsorbent sur-
face, and according to the Freundlich adsorption model, 
all energy adsorption sites are heterogeneous and multi-
layered [11]. The linear form of these two isotherm mod-

els is presented in Table 1. To evaluating the isothermal 
adsorption, six different concentrations of effluent were 
prepared. The procedure of this experiment was that 100 
mL of wastewater at the concentrations of 25, 50, 75, and 
100% were prepared from the initial solution of 1000 
g/L. The optimal pH (pH 7) for all solutions was formu-
lated, and the amount of 1 g of nanocomposite was added 
to the solutions. Then, as in the pH study effect phase, the 
solutions were placed in a shaker and then centrifuged.

N indicates the Friendlich equilibrium constant that 
expresses the energy of bonds between metal and ad-
sorption (intensity of adsorption), kf is equal to the iso-
thermal constant of the Freundlich, which indicates the 
adsorption power (mg/g) (adsorption capacity), Ce is the 
equilibrium concentration of adsorbed ions (mg/L), and 
qe is the mass of the metal absorbed on the adsorbent 
(mg/g). In the Langmuir model, also it is assumed that 
the absorbent interacts only with a limited number of 
uniform adsorption sites, and the adsorption is confined 
to only one layer on the surface [12-14]. The essential 
characteristic of the Langmuir isotherm is shown with 
the aid of a constant without unit called the equilibrium 
parameter (RL), which is calculated using Equation 3: 

3. 
1RL =

1+bCe

1<RL shows undesirable isotherm, RL = 1 indicates 
linear isotherm, 0<RL<1 shows optimal isotherm, and 
RL = 0 indicates irreversible isotherm [15]. The RL 
equilibrium parameter is used to check the ability to use 
the model. Different values of the R equilibrium param-
eter are presented in Table 2 [14]. Ce indicates the equi-
librium concentration of the adsorbed ions in mg/L, Ce 
indicates the equilibrium concentration of adsorbed ions 
(mg/liter), qe is the mass of the metal absorbed on the 

Table 1. Langmuir - freundlich adsorption model

Reference  Freundlich Adsorption Model

3q =kf Ce 
1/n

4Logqe= logkf+
1
n LogCe

Langmuir Adsorption Models

5Ce Ce1
q qeb qe

= +

6qe =
qm×Ce b
1+Ce b

7Ce Ce1
qmb qmqe

= +
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adsorbent (mg/g) and the amount of pollutant absorbed, 
qm is the maximum adsorption capacity of (mg/g) the 
maximum adsorption capacity, b is the constant adsorp-
tion equilibrium in L/mg (at a certain temperature) relat-
ed to adsorption energy (the combination of the desired 
adsorbate and absorbent) (L/mg).

Non-equilibrium model (kinetic adsorption)

To investigate the kinetics of adsorption, 1000 ml of si-
lage solution at optimal concentration obtained from the 
previous steps was prepared from the parent solution. 
Then, the optimum pH was adjusted, and then in four 
discrete effluents, 100 mL of solution with the adjusted 
optimal pH was poured in each effluent, and the appro-
priate amount of nanocomposite obtained from the previ-
ous steps was added and placed in a shaker at . Then, we 
removed the ions at intervals of 15, 30, 60, and 90 min-
utes from the shaker, and the earlier stages were repeated 
(Table 3). The remaining wastewater concentration was 
read by a spectrophotometer device (Table 4).

In Table 4, q and qm are the adsorption rate of effluent 
at time t and equilibrium time, and constant K1 is the con-
stant adsorption rate (1/minute). Therefore, the constant 
K1 (1/minute) was obtained from the slope of the log (qe/
qe-q) at the time t. In Table 2, K2 is the quasi-quadratic 
equation velocity constant (g/mg in min), qe and q are the 
amounts of effluent absorbed at equilibrium (mg/g), and t 
is the time (minutes). Considering t/q and t, the constant 
value of K2 (g/mg in a minute), as well as qe (mg/g) was 
calculated [15, 16].

Data analysis

The R and qe values were removed in the percentage for-
mulas, and the equilibrium adsorption capacity and other 
unknown values were calculated using Excel software. To 
plot the curves, determine the degree of adaptation and ad-
sorption process data with adsorption isotherm equations, 
and investigate the significant effect of parameters (pH, 
effluent concentration, and contact time) on the adsorption 
rate of phosphate, nitrite, and ammonia in the aqueous so-
lution of synthetic equations, the Past software was used.

3. Results and Discussion 

Field Emission Scanning Electron Microscopy 
(FE-SEM)

The FE-SEM technique was used to investigate the 
morphology, appearance, particle shape, porosity, and 
particle size of chitosan-activated carbon nanocompos-
ite. Figure 1 shows the dimensions of the particles (about 
1-10 µm). Pores and empty spaces (nitrite, ammonia, 
and phosphate) are visible. 

Freundlich and Langmuir isotherms of nitrite, 
phosphate, and ammonia

The Langmuir and Freundlich isotherm models to re-
move phosphate, nitrite, and ammonia were used. Figures 
2, 3, 4, 5, 6 and 7 and Table 4 indicate the linear plotting 
of the isothermal model of Langmuir and Freundlich. 
Based on the drawn shapes, the correlation coefficient 

Table 2. Different values of RL balance parameter [12]

RLRL= 00<RL<1RL=1RL>1

Isothermal typeUnchangeableOptimalLinearUndesirable

Table 3. Model of the kinetics of adsorption of nitrite, phosphate, and ammonia

ReferenceModels

9 =k1 (qe-qt)
dqt

dt

The First-Order Kinetics 10Log(qe-qt)= log qe - 
2.303

K1  t

11Ln(qe-qt)= Ln(qe-k1.t)

12dq
dt = k2(qe-qt)2

The Pseudo-first-order kinetics
13t

qt

1 1
k2 qe

qe t+=
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of nitrite pollutants (Langmuir R2=0.9076, Frendelich 
R2=0.5911), phosphate (Langmuir R2=0.9307, Freun-
dlich R2=0.5755), and ammonia (Langmuir R2=0.7288, 
R2=0.7549) was obtained.

According to the drawn shapes, the isotherms 
of Frendelich and Longmuir for nitrite (Langmuir 
R2=0.9076, Frendelich R2=0.5911), phosphate (Lang-
muir R2=0.9307, Frendelich R2=0.5755), and ammonia 
(Langmuir R2=0.7288, Frendelich R2=0.7549) were ob-
tained. According to the obtained results, the data of the 
nitrite and phosphate pollutants were more consistent 
with the Langmuir model. However, the ammonia pol-
lutant data were more consistent with the Freundlich 
model. Therefore, considering that the Langmuir and 
Freundlich models are used to describe the homoge-

neous and heterogeneous surfaces of the absorber, it can 
be concluded that the adsorption of nitrite and phosphate 
pollutants was single-layer and the adsorption of ammo-
nia pollutants was multilayer. Regarding the amount of 
RL that was between zero and one (Table 4), the condi-
tions of adsorption of nitrite, ammonia, and phosphate 
were favorable. The b values obtained regarding the ad-
sorption with absorptive (Table 4) indicate that probably 
in the process of adsorption, a large number of functional 
groups were involved [17, 18].

Ekhasi et al. [19] removed the water-soluble lead metal 
ions using chitosan nanoparticles. Adsorption experi-
ments were investigated in the discontinuous system and 
the data were more consistent with the Langmuir iso-

 (b)(a)

Figure 1. Electronic microscopic images of chitosan-activated carbon nanocomposite, before (a) and after (b) adsorption

Table 4. Langmuir and freundlich isotherms

Equilibrium Isotherm
Constants

Equilibrium Isotherm
Phosphate (mg/L)Nitrite (mg/L)Ammonia (mg/L)

b5.6734.7651.301

Langmuir 
qmax3.1345.4733.845

R20.90760.93070.7288

RL0.2420.1480.988

n6.5661.7164.321

Freundlich kf10.6573.1555.432

R20.59110.57550.7549
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Figure 2. Langmuir adsorption isotherm for phosphate with 
chitosan-activated carbon nanocomposite

Figure. 3. Adsorption isotherm of Freundlich phosphate 
with chitosan-activated carbon nanocomposite

Figure 5. Adsorption isotherm of Freundlich nitrite with 
chitosan-activated carbon nanocomposite

Figure 4. Langmuir adsorption isotherm for nitrite with 
chitosan-activated carbon nanocomposite

Figure 6. Langmuir adsorption isotherm for ammonia with 
chitosan-activated carbon nanocomposite

Figure 7. Adsorption isotherm of Freundlich ammonia with 
chitosan-activated carbon nanocomposite
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Figure 13. The pseudo-second-order kinetics of ammonia 
adsorption by chitosan-activated carbon nanocomposite

Figure 11. The Pseudo-second-order kinetics of the adsorp-
tion of nitrite by chitosan-activated carbon nanocomposite

Figure 9. The pseudo-kinetics of the adsorption of phos-
phate by chitosan-activated carbon nanocomposite

Figure 12. The pseudo-first-order kinetics of ammonia ad-
sorption by chitosan-activated carbon nanocomposite

Figure 10. The Pseudo-first-order kinetics of the adsorption 
of nitrite by chitosan-activated carbon nanocomposite

Figure 8. The pseudo-first-order kinetics of the adsorption 
of phosphate by chitosan-activated carbon nanocomposite
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therm model. Ramavandi et al. [20] investigated the per-
formance of the active carbon produced from the date 
kernel in the adsorption of cyanide from synthetic waste-
water. The experiment was carried out in the discontinu-
ous system and the data were more consistent with the 
Langmuir isotherm model. Yousefi et al. [2] used the 
Mercenaria shell to remove lead from the aqueous solu-
tion. Their results showed that its kinetic and equilibrium 
adsorption isotherms seek the second-degree kinetics 
and Langmuir isotherm.

Adsorption kinetics (nitrite, ammonia, and phos-
phate)

To find effective factors on response rate, kinetic evalua-
tion was carried out, and Figures 8, 9, 10, 11, 12 and 13 and 
Table 5 show the results of the test with pseudo-first-order 
and pseudo-second-order kinetic models.In this study, 
to predict the kinetic mechanism, pseudo-first-order and 
pseudo-second-order kinetic models were used. Totally, 
according to the obtained correlation coefficient values 
of the kinetics of adsorption of phosphate (pseudo-first-

order R2=0.9972) and (pseudo-second-order R2=0.8931), 
nitrite (pseudo-first-order R2=0.79633) (pseudo-second-
order R2 =0. 6755), and ammonia (pseudo-first-order 
R2=0.99767) and (pseudo-second-order R2=0.6958), the 
adsorption of phosphate pollutants with a pseudo-first-
order kinetic model as a controlling factor for the adsorp-
tion to the boundary layer and the changes in adsorption 
rate by the time was proportional to the number of non-
occupied sites at the adsorbent surface, and the adsorption 
of nitrite and ammonia pollutants with a pseudo-second-
order kinetic model. Zhang et al. [4] determined that the 
equilibrium and kinetic adsorption isotherms were more 
consistent with pseudo-second-order synthetic isotherm. 
Thirugnanasambandham et al. [21] used chitosan to pu-
rify household wastewater from chitosan and adsorption 
kinetics and thermodynamics were investigated. The data 
obtained were more consistent with the pseudo-second-
order kinetics. Dong et al. [22] removed water-soluble 
humic acid using magnetic chitosan nanoparticles. Ad-
sorption kinetics and thermodynamics were investigated. 
The data obtained were more consistent with the pseudo-
second-order kinetics (Table 6).

Table 6. Comparison of the similar studies on effluent absorbent

Researcher Absorbent Pollutant Result Reference

Thirugnanasamband-
ham et al. Chitosan Household Positive [21]

Dong et al. Magnetic chitosan 
nanoparticles

Water-soluble humic 
acid Positive [22]

Yousefi et al. Mercenaria shell Lead Positive [2]

Ekhlasi et al. Chitosan nanoparticles Lead Positive [19]

Ramavandi et al Active carbon produced 
from the date kernel

Cyanide from synthetic 
wastewater Positive [20]

Current study Chitosan and activated 
carbon Fish farm effluents Positive -

Table 5. The constant kinetic coefficients

Adsorption Kinetics 
Constant

Ammonia Nitrite Phosphate

Pseudo-first-order 
kinetics

k1 (min) 0.098 2.999 0.0162

qexp (mg/g) 7.466 8.655 5.865

R2 0.9976 0.7963 0.9972

Pseudo-second-order 
kinetics

K2 (min) 0.09 1.86 0.25

qexp (mg/g) 3.987 5.678 3.354

R2 0.6955 0.6755 0.8931
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4. Conclusion

The results showed that the use of chitosan and acti-
vated carbon nanocomposite is significantly effective 
in wastewater treatment of fish farms. The adsorption 
efficiency increased as the PH increased; however, the 
pH dropped more than 7. The best optimal adsorption 
occurred at a pH=7. Elevation of the initial concentra-
tion of the pollutant led to the depletion of the removal 
functions. The results of the impact of the contact time 
on adsorption efficiency showed that with the increas-
ing contact time, adsorption efficiency increases. The 
adsorption isotherm results showed that the adsorption 
data of nitrite and phosphate were more consistent with 
the Langmuir model, while the ammonia adsorption data 
were more consistent with the Freundlich model. There-
fore, considering that the Langmuir and Freundlich iso-
therm model is used to describe the homogeneous and 
heterogeneous surfaces of the adsorbent, the adsorption 
of nitrite and phosphate pollutants was monolayer and 
the adsorption of ammonia was multilayer. Pseudo-first 
and pseudo-second-order kinetics of adsorbents was in-
vestigated for all three pollutants. Finally, with respect 
to the obtained elimination percentage, chitosan and 
activated carbon nanocomposites have are effective to 
remove organic pollutants.
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