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This study modeled the adsorption process of 2,4-D pollutant from the
aqueous medium by rice husk biochar adsorbent using CART and CHAID
decision tree algorithms. The effect of contact time (0-120 min),
temperature (20-60 °C), initial concentration of contaminant (60-600
mg/L), adsorbent dose (0.05-0.2 g), and pH (2-9) was examined on the
adsorption capacity. The results indicated that the adsorption capacity
reached the maximum at pH=5.50 and the temperature lower than 30 °C.
The outputs of both models showed that the initial concentration of the
contaminant and the adsorbent dose had the most significant effect on the
adsorption capacity, increasing with the initial concentration increment
and the adsorbent dose decrement. At the initial concentration of less than
350 mg/L and the adsorbent dose of less than 0.08 g, the maximum
adsorption capacity was 37.1 mg/g. The CART model, with an R? of
98.1%, showed higher performance than the CHAID model, with a 97.7%
value, in estimating the adsorption capacity of rice husk biochar. Rice
husk biochar (BRH) can be used as a suitable adsorbent to remove 2,4-D
herbicide from water due to its low initial cost, high physical and
chemical capability, and high ability to remove the studied contaminant.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

herbicides are easily washed away and enter

The quantitative and qualitative crisis of water in
Iran is caused by the uneven distribution of water
resources, hydrological droughts,
mismanagement, excessive use of these water
resources,  non-compliance  with  quality
standards, etc. The increasing use of pesticides
and chemical fertilizers in agriculture to increase
the productivity of fertile lands has caused the
destructive effects of herbicides on non-target
species. Due to their high solubility, phenoxy
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surface and underground waters. One of the
herbicides used to control weeds in agricultural
fields is 4,2-dichlorophenoxy-acetic acid (2,4-D).
Various methods including ion exchange,
advanced oxidation, membrane technologies,
biological treatment, and adsorption are used to
remove toxins such as 2,4-D from polluted water.
In the adsorption process, it is important to use a
material with a high adsorption capacity and a
cheap price, like rice husk biochar. In this study,
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the effect of independent variables of contact
time, temperature, initial concentration of 2,4-D
in solution, adsorbent dose, and pH on the
adsorption capacity (g) of rice husk biochar was
investigated during batch experiments, and the
criteria between these parameters and adsorption
capacity were simulated using CART and
CHAID algorithms.

Material and Methods

The 2,4-D herbicide with the chemical formula
C8H6CI203 was purchased from Sigma Aldrich
(USA) with a purity of 97.5%. The stock solution
was prepared with a concentration of 1000 mg/L,
and then the required concentrations were
prepared with distilled water and stock solution.
Rice husk was obtained from a local farm in Fars
province. The surface morphology and pore
structure of the adsorbent was determined using a
scanning electron microscope (SEM). Also, BET
and BJH analyzes were used to determine the
surface characteristics of the particles and
analyze the pores. To determine the effect of
different parameters on the adsorption of 2,4-D
by biochar, all experiments were performed in a
batch system. The amount of adsorption for
different initial concentrations of contaminant
(60-600 mg/L), pH (2-9), temperatures (20 to 60
°C), contact times (0-120 min), and adsorbent
dosages (0.05-0.2 g) was measured in the
laboratory. A certain mass of the rice husk
biochar adsorbent was added into 10 ml of 2,4-D
solution with a certain concentration, and then it
was shaken on a shaker with an intensity of 130
rpm, using a spectrophotometer model UV/VIS
2100S to read the residual concentration of the
2,4-D pollutant at a wavelength of 283 nm.
Certain concentrations of the pollutant were used
to calibrate the device. Equation (1) was used to
calculate the equilibrium adsorption capacity of
rice husk biochar:

_C,-C

Qe - (1)

where Co and C. are the initial concentration of
the solution and the concentration in the
equilibrium state (mg/L), V is the volume of the
solution (L), m is the mass of the adsorbent (g),
and Qe is the adsorption capacity in the
equilibrium state (mg/g). Then, using the CART
and CHAID decision tree algorithms in the
STATISTICA software, the adsorption capacity
and the effective independent variables were
modeled to investigate the effect of each of the
independent variables on the adsorption capacity
(Mirhashemi et al. 2019). In this study, for both
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models, 80% of the available information was
used for model training and the remaining 20%
was used for the validation process.

Results
Based on the morphological characteristics
presented in Fig. 1, the crystalline and

homogeneous structure with different pore
shapes allows biochar to be successfully used in
the adsorption of 2,4-D herbicide. The changes in
the structure of the pores and the surface
morphology of the rice husk after adsorption
show that the pores have not changed clearly.
Also, according to the results of BET and BJH
analysis, the diameter of rice husk biochar
adsorbent particles is 0.3-5.5 pum, the specific
surface area of these particles is 320 m?%g, the
density of particles is 1.42 g/cm?, and their pore
size is 5.89 nm.

SEM HV: 20.0 kV
View fleld: 38.0 pm

SEM HV: 10.0 kV
View fieid: 38.0 pm Det: SE
SEM MAG: 5.00 kx Date{m/d/y): 08/15/17

Fig. 1 SEM images of rice husk biochar (a) before
adsorption and (b) after 2,4-D adsorption (Beigzadeh
et al. 2020)

The results indicated that the adsorption capacity
increased with increasing pH, and reached the
maximum value (47.1 mg/g) at pH = 5.5. As the
temperature increased, the adsorption capacity
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decreased and the highest value was observed at
a temperature lower than 30 °C, so the adsorption
of 2,4-D herbicide by rice husk biochar is a
spontaneous process. By increasing the initial
concentration of 2,4-D herbicide, the adsorption
capacity also increased, which can be attributed
to the reduction of available sites for adsorption
on the adsorbent surface. Increasing the
adsorbent dose decreases the adsorption capacity
because the increment of the adsorbent particles
prevents the spread of the herbicide to the rice
husk biochar surface (Ansari et al. 2017).
Enhancing the contact time increases the

adsorption capacity because augmenting the
contact time between the surface of the adsorbent
and the pollutant increases the possibility of
more contact of 2,4-D herbicide molecules with
functional groups in the structure of the
adsorbent. The adsorption process was simulated
using CART and CHAID algorithms. The trees
produced by these models are presented in Fig. 2,
which shows the effect of independent variables
(contact time, temperature, initial concentration
of contaminant, adsorbent dose, and pH) on the
dependent variable of adsorption capacity (q).

=1 N-=45
Mu=21.9%
Var=80.42 a
Co
<=250.00 >250.00
D=2 N=13 ID-3 N-32
Mu=12.16 Mu=25.97
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ID=10  N-18 ID-11  N=14
Mu-21.95 Mu=31,14
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Fig. 2 Tree structure for estimating the amount of adsorption (a) CART and (b) CHAID models

The performance evaluation results of the CART
and CHAID models in estimating adsorption
capacity show that the CART model with a
determination coefficient of 98.1% has a better
simulation capability than the CHAID model (a
determination coefficient of 97.7%). Based on
these results, both models are well able to
simulate the adsorption capacity of biochar
adsorbent in removing 2,4-D pollutant, but the
CART model with a higher coefficient of
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determination and lower RMSE has a higher
prediction ability than the CHAID model.

Conclusion

This study was carried out to investigate the
effect of parameters on the 2,4-D herbicide
removal from water using rice husk biochar
adsorbent, and to simulate the adsorption rate by
CART and CHAID decision tree algorithms.
Based on the results of comparing the values
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measured in the laboratory and predicted by the
models, it can be concluded that the CART
model performed better than the CHAID model
in predicting the adsorption capacity.

Data Availability

The datasets are available from the
corresponding author by email
(bahrami@fasau.ac.ir) on a reasonable request.
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Fig. 1 SEM images of rice husk biochar: a) before
adsorption and b) after 2,4-D adsorption (Beigzadeh
et al. 2020)
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Fig. 2 The FT-IR spectra of BRH before and after 2,4-D adsorption
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