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Abstract
Background: Natural organic matters such as humic acid react with chlorine and produce disinfection 
by products such as trihalomethanes that are carcinogenic. In this study, shellfish ash was used as a novel 
adsorbent for removal of humic acid. 
Methods: The present study was performed under various laboratory conditions including pH, 
adsorbent dose, contact time, and initial concentration of humic acid. Residual concentrations of humic 
acid in the samples were determined by a UV-Vis spectrophotometer at 254 nm wavelength. Artificial 
neural network (ANN) modeling studies were also performed. 
Results: Elemental analysis showed that the shellfish ash was 98% pure calcium. It was indicated that 
the maximum adsorption capacity was achieved in acidic conditions (pH = 3) and pHzpc was found to 
be 10.3. The adsorption data followed the Langmuir model (R2 > 0.9). The adsorption of humic acid 
followed the pseudo-second-order kinetic (R2 = 0.999). ANN modeling also provided the accurate 
prediction of humic acid adsorption for testing data (R2 = 0.989). 
Conclusion: According to the results, shellfish ash is recommended as an effective biosorbent for 
removal of organic pollutants such as humic acid. 
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Introduction
Humic substances are the most widespread natural 
organic matter on the Earth (1) that are present in soils, 
surface and ground waters. They can be classified as 
humin, humic acids (HAs), and fulvic acids based on their 
solubility under acidic or alkaline conditions (2). HA is 
formed by the breakdown of animal and vegetable matter 
in the environment (3). 

HA can affect water quality adversely through 
constituting a yellow color in drinking water but the most 
important problems caused by these materials include 
binding with metal ions to increase their concentrations 
exceeding the acceptable limits (1), reaction with chlorine 
during drinking water treatment, and production of 

disinfection byproducts, such as trihalomethanes that are 
classified as carcinogenic compounds (1,3-5). 

Hence, removal of HA from aqueous solutions is 
essential (3). For this purpose, various methods such 
as chemical coagulation (6), membrane separation, 
advanced oxidation (7), adsorption (3), and ozonation 
have been used (8-11). The conventional methods used 
for water treatment cannot be efficient enough to achieve 
the favorable degree of HA removal. These techniques 
have also some disadvantages like high costs, high energy 
consumption, and incomplete removal (4). As a result, 
cost-effective, effective, and environmentally friendly 
methods have been developed. So that researchers pay 
considerable attention to the absorption process (3). 
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Various adsorbents, such as activated carbon (12), pillared 
bentonite (13), chitosan-H2SO4 beads (14), aminopropyl-
functionalized rice husk ash (RHA) (15), and natural 
zeolite (16), have been tested for HA removal. Activated 
carbon as a porous material is a popular adsorbent for 
removal of pollutants from water, but it is not effective 
in the removal of large molecules such as HA because it 
cannot penetrate the pores (17). In addition, the adsorbent 
is still expensive and has high regeneration cost (12). 
Therefore, there is a growing interest in the application of 
low-cost adsorbents. Different adsorbents such as fly ash 
and biomass have been studied to remove HA (17). 

In comparison with activated carbon, waste shellfish 
is relatively cheap due to its accessibility and abundance. 
However, the capacity of material derived from waste 
shellfish to adsorb HA has not been tested previously. 
The aim of the present study was to evaluate shellfish 
ash as a new and low-cost adsorbent for removal of 
HA from aqueous solutions and the effect of various 
variables including pH, adsorbent dose, contact time, 
initial concentration of HA on the absorption efficiency 
to offer this adsorbent as an alternative for the existing 
commercial materials. Also, adsorption isotherms and 
kinetics were investigated.

Another aim of the study was to evaluate the use of 
artificial neural network (ANN) model to predict the 
HA removal by shellfish. ANN is a numerical estimation 
technique, which is used to find nonlinear relationships 
between input and output variables (18,19). ANNs apply 
the same process as the human brain’s nervous system (19-
21). Neural networks have been widely applied in a variety 
of topics such as modeling of wastewater treatment plants 
(22), predicting river water quality (23), and modeling 
of pollutants adsorption processes (24,25). There are 
several types of network architecture, among which the 
feedforward network or multilayer perceptron (MLP) is 
the most common network (21). In this study, the MLP 
network due to its public and simple structure was used.

Materials and Methods
Materials
The HA used in this study was purchased from Aldrich 
Company. Other chemicals were of analytical grade and 
were purchased from Merck, Germany.

Preparation of humic acid solution
A stock solution of HA (1000 mg/L) was prepared by 
dissolving 1.00 g of HA powder purchased from Sigma-
Aldrich in 1 L of distilled water. A few drops of NaOH 
solution (1.00 N) were also added to complete the 
dissolving of HA. To prepare various concentrations of 
HA, the stock solution was diluted with distilled water.

Preparation of biosorbent
Shellfishes were collected from Bandar Abbas 
city, coastal area of Persian Gulf locality, south of 

Iran. The collected shellfishes were washed with 
distilled water to remove impurities, and then, were  
sun-dried. Shellfishes were converted to ash by an electric 
oven at temperature of 400°C for 2 hours. The adsorbent 
was pulverized using standard ASTM sieves (40 to 60 
meshes).

Characterization of shell ash powder
After preparation of the adsorbent according to the 
above-mentioned method, the surface morphology of the 
adsorbent was done by the scanning electron microscope 
(SEM, SERON, AIS-2100, South Korea) operated at a 20 
kV accelerating potential. For this purpose, shellfish ash 
powder was deposited on conductive glue and coated with 
a thin layer of gold, before the formation of SEM images. 
The X-ray diffraction analysis of the shellfish ash was 
performed by the Bruker X-ray diffractometer (Germany). 

Determination of shellfish ash pHzpc
pHzpc is an important characteristic of any adsorbent, 
which indicates the electrical neutrality of the adsorbent 
surface at certain pH values. To determine the pHzpc, 100 
mL of 0.01 M NaCl solution which its pH was adjusted 
between 3-12, was transferred to a conical flask, and then, 
0.40 g of the adsorbent was added. After 48 h, the final pH 
of the solutions was measured by a pH meter (Wagtech 
Mi 151, USA). Then, graphs were plotted as pHfinal versus 
pHinitial. The intersection point of the two curves was 
recorded as the pHzpc of shellfish ash.

Humic acid detection
The absorbance of HA was obtained before and after 
adsorption at the maximum wavelength of 254 nm using 
a UV-vis spectrophotometer (UV/Visible SP-3000 Plus-
Japan). The remaining concentration was calculated by 
the standard curve equation of spectrophotometer.

Experimental procedure 
The experiments were performed at HA initial 
concentrations of 25 and 50 mg/L, adsorbent dose of 0.05-
0.4 g/100 mL, contact time of 20-180 min, and pH of 3-12. 
To design the experiments, one-factor-at-a-time method 
was applied. So that by keeping several variables constant, 
one variable was examined.

Mixing was performed using a mechanical shaker 
(INNOVA 40R, England) at 150 rpm. Then, samples 
were filtered using a 0.2 μm filter (Sartorius, Germany) 
before analysis. The adsorption capacity (qe, mg/g) and 
the removal efficiency (R%) was calculated using Eqs. (1) 
and (2) (1,26):

 ( )
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where, V is the volume of solution (L), M is adsorbent 
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dosage (g), and Ct and Co are the equilibrium and initial 
HA concentrations (mg/L), respectively (1,26). 

Adsorption isotherms 
The adsorption isotherm is the relationship between the 
amount of adsorbed pollutant at constant temperature 
and the equilibrium adsorbate concentration (15). The 
distribution of HA between the liquid and solid phases 
can be declared by common isotherm models including 
Langmuir, Freundlich, and Temkin models (14). In this 
stage, 0.05-0.4 g of adsorbent was added to 100 mL of 
HA solutions with concentrations of 25 and 50 mg/L. 
Optimum pH values and contact time were considered.

The Langmuir isotherm describes monolayer adsorption 
of pollutant on the adsorbent surface (27). The linear form 
of Langmuir equation is presented in Eq. (3).

 1 1 1

q q K q Ce

� �
max max

                                                (3) 

where q and qmax are the amount of adsorbed HA 
(mg/g) and the maximum adsorption capacity (mg/g), 
respectively. Ke is the Langmuir adsorption constant (L/
mg) and C is the HA equilibrium concentration (mg/L) 
(28).

If plot of 1/q versus 1/C is a direct line, then, the Langmuir 
equation complies with the adsorption equilibrium. The 
slope and intercept of this line represents the amounts of 
constants qmax and Ka, respectively (29). The important 
parameter of Langmuir isotherm is RL, a dimensionless 
constant that is called equilibrium parameter and 
calculated by Eq. (4) (29).

 R
bCL � �
1

1 0                                                     
 (4)

where C0 is the HA initial concentration and b is 
the Langmuir constant (28). The separation factor 
(RL) indicates whether the adsorption is favorable 
or not. This factor is classified as irreversible  
(RL= 0), linear (RL = 1), unfavorable (RL > 1), and favorable 
(0 < RL < 1) (28,30).

The Freundlich isotherm model is applicable to 
multilayer adsorption and adsorption on a heterogeneous 
surface. The linear form of the isotherm has been given in 
Eq. (5) (5).

 efe LnC
n

LnKLnq 1
+=                                   (5)

where qe is the amount of HA adsorbed per unit mass of 
adsorbent (mg/g), Kf is the adsorption capacity (mg/g), Ce 
is the solute concentration (mg/L), and n is the adsorption 
intensity (g/L) (31).

The Temkin isotherm equation expresses adsorbent-
adsorbate interactions. This isotherm assumes that 
the adsorption (a function of temperature) decreases 
logarithmically with coverage linearly (32). The Temkin 
isotherm equation is presented as Eq. (6):

 q B LnK B LnCe T t T e� �                          (6)

Where Kt is the binding constant which represents the 
maximum binding energy (L/mg) and BT is related to the 
heat of adsorption (kJ/mol) (31). Kt and BT parameters are 
calculated based on the slope and intercept of the plot of 
qe against lnCe, respectively (28,32,33).

Adsorption kinetics
To further study the adsorption mechanism of HA using 
shellfish ash and rate-controlling steps, kinetic studies were 
performed. In this study, adsorption kinetics of pseudo-
first-order and pseudo-second-order were investigated. 
To perform kinetic tests, the HA concentration was 25 and 
50 mg/L, and 0.4 g of the adsorbent was added to 100 mL 
of HA solution. In this stage, the optimum pH obtained 
from the previous steps was considered. The experiments 
related to the adsorption kinetics was done at different 
time intervals (20-180 minutes and 24 hours).

The pseudo-first-order equation has been used for the 
adsorption of pollutant on the adsorbent surface (34). Its 
linear form is presented in Eq. (7):

 Ln q q Lnq K te t e( )� � � 1
                     (7)

Where k1 is the rate constant in the pseudo-first-order (1/
min). qe and qt are the adsorption equilibrium capacity 
(mg/g) and the amount of HA adsorbed at time t (mg/g), 
respectively (31). The constant and adsorption capacity 
were determined by plotting of ln (qe−qt) versus time 
(5,35). 
The pseudo-second-order model is based on the 
assumption that the adsorption follows chemisorptions 
(31,34). Its linear form is described by Eq. (8):

 t
qqKq

t
eet

11
2

2

+=                                      (8)

Where K2 is the rate constant of pseudo-second-order (g/
mg min). qe and k2 can be calculated by plotting of t/qt 
versus time.

Artificial neural networks modeling
ANNs are mathematical models that have been established 
based on the biological activities of human brain such as 
learning, thinking, and problem solving (36). Multi-layer 
perceptron is a supervised learning algorithm with one 
or more hidden layers. In this study, developed ANN was 
considered as one input, one hidden, and one output layer. 
Inputs were separately weighted, and then, summed by 
a constant value as bias. The data were modified by the 
activation function and passed to the output (20,36,37). 
The mathematical expression of neural computation is 
presented as Eq. (9):
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Where αi, wij, and b are inputs, weights, and bias, 
respectively (20). Figure 1 indicates the architecture of 
ANN with hidden layers. 

In order to compare the predicted outputs with 
experimental ones, weight and bias values were adjusted 
gradually during the training phase. In this study, ANN 
was trained by the Levenberg-Marquardt backpropagation 
algorithm that is more powerful and faster than the other 
algorithms. Equations (10) and (11) indicate the most 
transfer functions which are practical for developing the 
MLP (20):

 Sigmoidal: f(x) = 
)exp1(

1
)( x−+

                  (10)

 Tansig: f(x) = 
)exp1(

2
)2( x−+

                     (11)

In this study, the experiments were modelled using 
ANNs. In the architecture of ANN, four parameters 
including pH, adsorbent dose, HA concentration, and 
contact time were considered as model inputs to simulate 
the HA removal efficiency as the output. Neural network 
performance was then evaluated through mean squared 
error (MSE) and correlation coefficient (R2) (Eqs. 12 and 
13).

 ( )
n
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n
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2

,mod,                               (12)
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Where n and i are the number and index of data, 
respectively. yobs,i and ymodel,i are the measured output and 
the predicted output values by the model, respectively. 
yobs,mean and ymodel,mean are the average of the experimental 
measured output and the average of the predicted values 
by the model, respectively (36).

In the present study, Levenberg-Marquardt 
backpropagation algorithm was used for network 

training. This algorithm accelerates attaining convergence 
and provides the accuracy of the results (38). The tan-
sigmoid (Eq. 11) and linear transfer functions were used 
for transfer function in the hidden and output layers. 

All samples were normalized between 0-1, to achieve 
fast convergence, commensurability of the inputs scale, as 
well as the minimal RMSE values. The normalized values 
of data were obtained according to Eq. (14):
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Where Xmin, Xmax, and X1 are the minimum, maximum, 
and actual data, respectively (36).

Results
Characterization of shellfish ash powder
The SEM image of shellfish ash is shown in Figure 2a. As 
shown in this figure, shellfish ash powder has an irregular 
surface structure, a situation which favors the adsorption 
of HA on different parts of the beads. The samples did not 
show the well-defined pore structures. 

The X-ray diffraction (XRD) pattern is displayed in 
Figure 2b. Elemental analysis showed that the shellfish ash 
was 98% pure calcium (2.60 A˚, 3.40 A˚, and 3.60 A˚), 
which is due to the presence of calcium carbonate in the 
shellfish structure (35). As shown in the XRD pattern, 
there are trace amounts of other elements in the adsorbent 
that is because of some impurities in shells.

pHzpc of shellfish ash
pHzpc plays an important role in characterizing the surface 
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Figure 1. Architecture of neural network system. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Architecture of neural network system.
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Figure 2. (a) Scanning electron microscope (SEM); (b) X-ray diffraction (XRD) of shellfish ash. 
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Figure 2. (a) Scanning electron microscope (SEM); (b) X-ray 
diffraction (XRD) of shellfish ash.
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nature of any adsorbent. The pHzpc of shellfish ash was 
found to be 10.3 (Figure 3). 

Effect of pH
The results of pH effect on the HA removal using shellfish 
ash under special conditions (temperature = 20ºC and 
initial HA concentration = 25 mg/L, adsorbent dose = 
0.4/100 mL, contact time = 24 hours) are presented in 
Figure 4. The results indicated that as pH increased, the 
HA removal efficiency decreased. The removal efficiency 
at pHs of 3 and 12 was equal to 90.96% and 24.48%, 
respectively. The adsorption capacity (qe) of HA on the 
shellfish ash powder decreased by increasing pH from 3 to 
12. So that at pH = 3 and 12, qe was equal to 5.685 and 0.75 
mg/g, respectively (inset of Figure 4). 

Effect of adsorbent dose
The effect of adsorbent dose on the removal efficiency 
of HA by shellfish ash was investigated at HA initial 
concentration of 25 mg/L, pH = 3, and contact time of 24 
h. The results are shown in Figure 5. 

According to the results, by increasing adsorbent dose 
from 0.05 to 0.4 g/100 mL, the HA removal efficiency 

increased from 48.04% to 90.96%, respectively. Also, with 
increasing adsorbent dose from 24.02 to 5.68 mg/g, the 
adsorption capacity decreased. The optimum adsorbent 
dose was obtained to be 0.4 g/100 mL.

Effect of contact time 
For experiments related to this stage, HA 
concentration of 25 mg/L, adsorbent dosage of  
0.4 g/100 mL, pH=3, and contact time of 20-180 
min and 24 hours were considered (Figure 6). 
The results indicated that with increasing contact 
time, the removal efficiency of HA also increased. The 
adsorption of HA by shellfish ash reached equilibrium in 
180 minutes. The results of experiments showed that the 
HA removal rate reaching equilibrium within the first 3 
hours of adsorption time. 

Effect of initial humic acid concentration
With increasing the initial concentration of HA solution 
from 10 to 50 mg/L, the adsorption capacity (qe) increased 
from 2.2 to 11.87 mg/g (Figure 7), while with increasing 
the initial concentration of HA from 50 to 100 mg/L, the 
HA adsorption capacity was slightly increased from 11.87 
to 13.01 mg/g.

Adsorption isotherms
Adsorption isotherms are one of the aspects investigated 
in evaluating the adsorption process. The parameters of 
Langmuir, Freundlich, and Temkin isotherm models are 
presented in Table 1.

The obtained results from Langmuir isotherm are 
presented in Figure 8. The RL value obtained was less than 
1 (RL = 0.001 and 0.0001), indicating favorable adsorption 
of HA. In the Freundlich isotherm, the value of 1/n for the 
HA initial concentration of 25 mg/L was less than 1 (1/n 
= 0.812) but for the HA initial concentration of 50 mg/L, 
1/n was equal to 1.178, indicating that the adsorption is 
unfavorable.

The correlation coefficient (R2) for Langmuir, 
Freundlich, and Temkin isotherms are presented in Table 

19 

 

 

 

Figure 3. Plot for determination of the adsorbent pHzpc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Plot for determination of the adsorbent pHzpc.
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Figure 4. Effect of pH on humic acid removal, inset: adsorption capacity.  

(CHA = 25 mg/L, T = 20°C, Dose = 0.4 g/100 mL, time = 24 h). 
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Figure 5. Effect of adsorbent dose on the removal and adsorption capacity of humic acid. 

 (CHA = 25 mg/L, T = 20°C, pH = 3, time = 24 h). 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of pH on humic acid removal, inset: adsorption 
capacity. 
(CHA = 25 mg/L, T = 20°C, Dose = 0.4 g/100 mL, time = 24 h).

Figure 5. Effect of adsorbent dose on the removal and adsorption 
capacity of humic acid.
 (CHA = 25 mg/L, T = 20°C, pH = 3, time = 24 h).
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According to the results (Figure 9), R2 value for 
the pseudo-second-order was 0.999 for both studied 
concentrations, which confirms the applicability of the 
pseudo-second-order equation. Also, there was only a 
little difference between the qe,exp and qe,cal, which amplifies 
the applicability of this kinetic. According to the obtained 
results, the adsorption of HA followed the pseudo-second-
order kinetic (R2 > 0.99). 

Artificial neural network modeling
In this study, the tan-sigmoid and linear transfer functions 
were applied for transfer function in the hidden and 
output layers. During training, the predicted output was 
compared with the expected output. To determine the 
optimal number of neurons in the hidden layer, several 
neural networks were created with 4 to 20 neurons. The 
MSE and RMSE for each network were obtained (Figure 
10). The neural network model with 6 neurons in the 
hidden layer had the lowest MSE (17.686) for the test data. 
Figure 11 indicates a comparison between the predicted 
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Figure 6. Effect of contact time on the adsorption capacity of humic acid. 

(CHA = 25 mg/L, T = 20°C, pH = 3, Dose = 0.4 g/100 mL). 

 

 

 

 

 

 

 

 

 

 

Figure 6. Effect of contact time on the adsorption capacity of 
humic acid.
(CHA = 25 mg/L, T = 20°C, pH = 3, Dose = 0.4 g/100 mL).
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Figure 8. The Langmuir isotherm for humic acid adsorption onto shellfish ash powder. 

 

 

 

 

 

 

Figure 7. Effect of the HA initial concentration on the adsorption 
capacity of humic acid.
(pH = 3, T = 20°C, Dose = 0.4 g/100 mL, time = 24 h).
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Figure 8. The Langmuir isotherm for humic acid adsorption onto shellfish ash powder. 

 

 

 

 

 

 

Figure 8. The Langmuir isotherm for humic acid adsorption onto 
shellfish ash powder.

Table 1. Characteristics of adsorption isotherms

Initial concentration
Langmuir isotherm Freundlich isotherm Temkin isotherm

ka
qmax

(L/mg)
RL

(mg/g) R2 Kf
1/n 

(mg/g) R2 Kt
(L/g)

BT
(kJ/mol) R2

25 mg/L 33.45 2.71 0.001 0.997 3.06 0.812 0.993 10.76 3.956 0.991

50 mg/L 207.03 4.83 0.0001 0.928 3.713 1.178 0.891 41.08 32.71 0.773

1. As shown in this table, R2 value of Langmuir isotherm 
(0.997, 0.928) was higher than that of Freundlich (0.993, 
0.891) and Temkin (0.991, 0.773) isotherms.

Adsorption kinetics
The mechanism of absorption is described by the 
adsorption kinetics. Kinetic constants (q, k, R2) were 
calculated and are presented in Table 2. 

According to Table 2, the correlation coefficient (R2) 
values of pseudo-first-order reaction were 0.845 and 
0.906 for the HA initial concentrations of 25 and 50 mg/L, 
respectively. The theoretical values (qe,cal) were more lower 
than the experimental data (qe,exp), indicating that the 
adsorption process did not follow the pseudo-first-order 
kinetic. 

23 

 

 

Figure 9. Pseudo-second-order kinetics for humic acid adsorption onto shellfish ash powder. 

 

 

Figure 9. Pseudo-second-order kinetics for humic acid adsorption 
onto shellfish ash powder.
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and experimental values of the output variables with 
neural network model. The neural network model with 6 
neurons in the hidden layer had the highest correlation 
coefficient (R2 = 0.989) for the test data.

Discussion
Effect of pH
The results of evaluation of pH effect on the HA adsorption 
indicated that as pH increased, removal efficiency 
decreased. Increasing of adsorption between HA and 
adsorbent can be explained by the chemical properties of 
HA. HA is composed of numerous polymeric ingredients 

with main functional groups as carboxylic and phenolic 
groups (3,39). These groups can be ionized at higher pH 
values to exhibit anionic characteristics. These anionic 
species will compete with hydroxyl in order to inhabit the 
active sites of the adsorbent that lead to the decreasing the 
HA adsorption (40). Also, due to the increasing increase 
of the electrostatic repulsion between the negative charge 
on the adsorbent surface and HA, the adsorption of HA 
gradually decreased as pH increased (10). 

Imyim and Prapalimrungsi in their study on the removal 
of HA from water by aminopropyl- functionalized 
RHA found that the adsorption capacity of HA by this 
adsorbent increased with decreasing pH from 5 to 3. 
The highest absorption rate of HA was obtained at pH 
3-4 while at a pH higher than 5, the adsorption capacity 
remained constant (15). Similar results have been 
reported for other adsorbents like activated carbon and 
bentonite (41,42). Jarvis and Majewski investigated HA 
removal using plasma-polymerized allylamine coated 
with quartz particles. They found that with increasing pH, 
the adsorption capacity of HA decreased. The maximum 
HA adsorption was obtained at pH = 5 (17).

At pHs higher than pHzpc, negative species are 
predominant and the adsorbent surface will be negatively 
charged. However, at pHs lower than pHzpc, positive 
species are predominant and the adsorbent surface will be 
positively charged (15,42,43). 

Effect of adsorbent dose
The results indicated that with increasing the adsorbent 
dose, the removal efficiency of HA increased. This is due 
to the increase of the surface area and the availability of 
more binding sites for adsorption. At higher adsorbent 
doses, as the adsorbent dose increases, the contact area 
between the adsorbent and the adsorbate also increases, 
and subsequently, the removal efficiency increases (28).

The results also showed that the adsorption capacity 
decreased with increasing the adsorbent dose. This is 
due to the active sites of the adsorbent and the available 
specific surface area (26). Similar results about the effect 
of adsorbent dose on the HA removal efficiency were 
obtained for the other types of adsorbents (44,45). 

Effect of contact time 
According to the results, the removal efficiency of HA 
increased with increasing the contact time. The increasing 
of the removal efficiency with time is due to the availability 
of a large number of vacant surface sites. In the present 

Table 2. Kinetics constants of humic acid adsorption onto shellfish ash

Initial concentration
Pseudo-first-order Pseudo-second-order

qe(calc.) (
mg/g)

qe(exp.)
 (mg/g)

K1
(min-1) R2 qe

(mg/g) 
K2

(g/mg.min) R2

25 mg/L 2.218 5.685 0.009 0.845 5.649 0.12 0.999

50 mg/L 2.214 11.873 0.006 0.906 11.494 0.18 0.999
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Figure 10. MSE and RMSE in the ANNs designed for determining the optimal number of neuron. 
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Figure 11. Neural network model with training, validation, test, and all prediction set. 
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study, the adsorption of HA by shellfish ash reached 
equilibrium in 180 minutes. In a study by Imyim and 
Prapalimrungsi, the contact time required for reaching 
the adsorption equilibrium was reported to be 60 and 30 
min for RHA and RHA-NH2, respectively (15). In another 
study by Zhao et al, the adsorption was very rapid so that 
after 2 hours, the adsorption reached equilibrium (1).

Effect of humic acid initial concentration
Based on the results, by increasing the HA initial 
concentration to 50 mg/L, the adsorption capacity 
increased. This can be explained by the fact that the 
driving force for overcoming the transport resistance 
of HA from liquid phase to solid phase increased with 
increasing the initial concentration to 50 mg/L. At higher 
concentrations, this issue was not effective for adsorption 
because at higher concentrations, the limitations of 
available surface will prevent suitable adsorption and the 
increasing of the driving force is negligible (46).

Jarvis and Majewski stated that the reason for 
increasing the HA absorption with increasing the HA 
initial concentration is that the increase of the HA initial 
concentration leads to an increase in the driving force, 
and subsequently, the saturation of the adsorption active 
sites located on the adsorbent surface by the pollutant 
(17), which is consistent with the results of studies by 
Imyim and Prapalimrungsi and Wang et al. They reported 
that with increasing the pollutant initial concentration, 
adsorption also increased (15,16).

Adsorption isotherms
The applicability of isotherm equations is compared by 
judging the correlation coefficient (R2). The results showed 
that the Langmuir isotherm (R2 > 0.9) was fitted well with 
the experimental data in comparison with the Freundlich 
and Temkin isotherms for both concentrations. Also, 
the RL value obtained is less than 1, indicating favorable 
adsorption of HA, which is consistent with the results 
reported by Wang et al. The RL value obtained in their 
study was between 0.040 and 0.429, indicating that the 
HA adsorption on polyaniline/attapulgite composite was 
desirable (3). In a study by Zhan et al, the HA adsorption 
by cetylpyridinium bromide-modified zeolite followed the 
Langmuir isotherm. The regression coefficients were used 
as the fitting criteria to find out this isotherm (5), which is 
consistent with the results of the present study and those 
reported by Imyim and Prapalimrungsi. In their study on 
the HA adsorption on aminopropyl-functionalized RHA, 
it was found that the Langmuir isotherm was fitted well 
with the adsorption data (15).

Adsorption kinetics
Based on the results, the adsorption kinetic of HA 
followed the pseudo-second-order kinetic (R2 > 0.99). 
Also, the obtained qe values were closely fitted with the 
experimental data. Zhang et al investigated the HA 

adsorption using organo-layered double hydroxides. They 
reported that the pseudo-second-order kinetic was fitted 
well with the experimental data with high R2 value (47).  
Wan Ngah et al found that the adsorption of HA onto 
chitosan-H2SO4 beads followed the pseudo-second-order 
kinetics predominantly compared to the pseudo-first-
order kinetic (14). Similar results were also obtained by 
Rauthula and Srivastava (12), Tang et al (48), and Tsai et 
al (49). 

Artificial neural network modeling
According to the results, the lowest mean squared error 
belonged to 6 neurons in the hidden layer of the neural 
network, which provides the highest performance and 
the lowest error for the network. Less dispersion of the 
predicted data around the regression line indicates 
the high accuracy of the model in estimating the data. 
Accordingly, the results presented in Figure 11 (training), 
indicate the efficiency of the selected neural network 
model. Comparison of the experimental results and 
those of the ANN model showed regression coefficient of 
0.9273, indicating that the ANN model used can model 
the experimental results with a relatively good accuracy. 
Therefore, ANN can be used as a suitable method for 
modeling the absorption process.

Conclusion
Increasing health problems, management costs, and 
operational considerations for water treatment containing 
HA led to the use of new and cost-effective adsorbents 
derived from renewable resources. According to the 
results, aquatic-shell wastes such as shellfish ash are 
effective biosorbents for removal of HA from acidic 
waters. These natural wastes exist in large amounts and 
can be utilized as an alternative to existing commercial 
adsorbents with a cost-effective preparation method for 
removing HA. The results also showed that increasing of 
the adsorption dose and contact time led to an increase 
in the adsorption capacity and increasing of pH and HA 
initial concentration led to a decrease in the adsorption 
capacity. The equilibrium sorption data are fitted well 
with the Langmuir isotherm and followed the pseudo-
second-order kinetic. Utilization of the shellfish ash as a 
biosorbent for removal of HA is a simple, effective, and 
economical method. The results indicate that the ANN 
model can be successfully applied to predict the behavior 
of HA adsorption process.
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