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Abstract
The removal of Methyl parathion (MP) by ultrasound-assisted adsorption using
commercial Granular Activated Carbon (GAC) was studied. The effect of sonicate time
on the adsorption were studied using the batch technique. The adsorption kinetic data
were analyzed using the Pseudo First Order (PFO) and Pseudo Second Order (PSO)
models. For kinetic study, the adsorption process fitted the PSO model. Three adsorption
isotherms namely the Langmuir, Freundlich and Redlich—Peterson isotherms in their non-
Received 30 Oct 2021, linear forms were applied to the adsorption equilibrium data. Both the Langmuir and
Revised 03 Dec 2021, Redlich—Peterson models were found to fit the adsorption isotherm data well, but the
Accepted 05 Dec 2021 Redlich— Peterson model was better. The monolayer adsorption capacity, gm, was found
to be 20.20 mg g*. It can be concluded that the commercial GAC is an efficient adsorbent
for the removal of MP from aqueous solution via ultrasound-assisted adsorption. Attempt
to explain the reactivity of MP on GAC by theoretical calculations was made.

* Corresponding author’s
E-mail:
abdouldemba@yahoo.fr ;
hammoutib@gmail.com

Keywords: Methyl parathion, Pesticide, Granular Activated Carbon, Kinetic, Isotherms.

Mor. J. Chem. 9 N°4 (2021) 832-841

832


http://revues.imist.ma/?journal=morjchem&page=login
https://doi.org/10.48317/IMIST.PRSM/morjchem-v9i4.29641
mailto:abdouldemba@yahoo.fr
mailto:hammoutib@gmail.com

1. Introduction

Pesticides have become essential for agriculture for protecting crops and livestock, which are vital to our
food supply. However, the widespread use of pesticides has also resulted in serious public health [1-5].
Organophosphate pesticides represent 70 % of these substances and they have been used for several decades
in the control of domestic pests and in agriculture [6, 7]. However, these organophosphates can be harmful
to humans and animals as they can contaminate water sources. The Organophosphate pesticides, such as
Methyl Parathion (MP) (Fig. 1), affect proteins like the acetylcholinesterase, which plays an important role
in both the peripheral and the central nervous system [8].
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Fig. 1. MP chemical structure

Pesticides cause a number of severe health effects and illnesses. Khalili Tanha et al. 2020 [9] summarized
various risks that pesticides provoke to human health. Cabello et al. 2001 [10], observed through their
investigation on the effects of malathion and parathion on the mammary glands of mice, that these
compounds enhanced the growth of the mammary gland epithelial cells and caused tumour in the animals
[11]. The removal of pesticides from water is one of the major environmental concerns nowadays. There are
several procedures that were used for MP removal from water such as degradation [12], photocatalytic
degradation [13], electrochemical [14], coagulation /flocculation [15] and adsorption [16]. Among all the
methods, adsorption by activated carbon is one of the most popular methods and is currently considered as
an effective, efficient, and economic method for water purification [17, 18]. However, one of the innovative
technologies used in combination with adsorption is sonication. It has been reported that the removal
efficiency can be improved by the combination of ultrasonication and adsorption due to the disadvantages of
the application of adsorption alone such as high cost, ineffectiveness for the removal of some pollutants,
operation problems and production of toxic secondary pollutants [19]. This technique has been used to study
the removal of a variety of hazardous compounds [20-27]. A variety of activated carbon materials have been
used, such as, granular activated carbon (GAC), powdered activated carbon (PAC), carbon cloth, fibers, felts
or carbon cloth electrodes, black carbon from wheat residues (WC), carbon black and commercial activated
carbon (AC). The forms GAC and PAC are the most used since they are considered very capable and
effective materials for the adsorption of a variety of pesticides. GAC has been used in many processes for
the treatment of drinking water supplies and industrial wastewaters [28]. The objective of this work was to
study the removal of MP from aqueous solutions using the ultrasound assisted batch operation for the
adsorption of MP onto commercial GAC from aqueous solution. For this purpose, kinetic and isotherm
studies have been carried out with the non-linear methods. Theoretical calculations were used to explain the
reactivity of MP on GAC.

2. Materials and methods

2.1. MP preparation and analysis

A stock solution containing 1,000 mgL™ of MP was prepared by dissolving 100 mg of MP in 100 mL of
methanol. MP solutions were prepared by diluting stock solution of MP to the desired concentrations in
ultrapure water. All samples were filtered using a micro filter syringer and analyzed by High Performance
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Liquid Chromatography (HPLC). Ultra-pure water and methanol (20:80 V/V) were used as a mobile phase
at a flow rate of 0.5 mL min at a selected wave length of 265 nm.

2.2. Adsorbent

GAC was supplied by PROLABO (physical characteristics described in table 1). The quantification of the
GAC by Boehm titration reveals that the GAC has also the greatest content of acidic surface than the basic
surface groups. The specific surface for GAC was found to be 1045 m2 g !,

Table 1. Physical and chemical characteristics of the commercial GAC

Parameters Value
Total acidity (meq g?) 0,580
Total basicity (meq g™?) 0,204
Specific surface (m? g1) 1045
Particle size (um) 2000-3000

2.3. Batch experiments

In order to investigate the effect of sonicate time on MP removal by adsorption, 0.1 g of GAC was added to
25 mL of MP at 5 mg L', which sonicate with using ultrasonic bath (Fisherbrand FB15050). Adsorption
isotherms were obtained by varying the initial MP concentration from 2.5 to 100 mg L. The concentrations
of MP in the solutions before and after adsorption were determined using a HPLC. At the end of each
experiment, the sonicated solution mixture was micofiltered and the residual concentration of MP was
determined. The adsorption uptake at equilibrium time, ge, was expressed by equation (1):

C -C
q, = C-Cc.¥v o)

m
Where e is the amount of MP adsorbed by GAC (mg g ), Ci is the initial MP concentration (mg L), Ce is
the MP concentration at equilibrium (mg L), V is the solution volume (L) and m is the mass of GAC used
(9). All batch experiments were conducted in triplicate and the mean values are reported.

2.4. Kinetics and equilibrium adsorption modeling

A number of kinetic models have been described in an attempt to find a suitable mechanism explanation for
solid-liquid adsorption systems, in which Lagergren’s pseudo-first-order models (PFO) [29] and Ho’s
pseudo-second order (PSO) model [29] are the two most widely applied. The kinetic study was done for the
GAC in order to estimate the equilibrium time of adsorption and the best fitted PFO and PSO Kkinetic
models. The nonlinear kinetics PFO and PSO models may be expressed by (2) and (3), respectively:

G, =0, (L—exp™) )

2

g = 2% ®)

1+Kk,0.t
Where g is the amount of MP adsorbed per unit mass of GAC (mg g) at time t, ki (L min™) is the PFO rate
constant, k2 (gm gmin) is the PSO rate constant for adsorption, ge (mg g™) the amount of MP adsorbed at
equilibrium and t is the sonicate time (min).
In this work, the three parameter isotherm equations, namely Langmuir, Freundlich and Redlich-Peterson
were tested for describing the experimental results.
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The Langmuir adsorption isotherm assumes that the adsorption takes place at specific homogeneous surface
sites within the adsorbent [30]. The nonlinear Langmuir model can be expressed by equation (4):
q — quLCe (4)

* 1+K,C,
Where e is the amount of MP adsorbed per unit mass of GAC (mg.g™?), ki is the Langmuir constant related
to the adsorption capacity (L g%), Ce is the concentration of MP in the solution at equilibrium (mg L), gm is
the maximum uptake per unit mass of GAC (mg.g?). The Freundlich isotherm is employed to describe
heterogeneous systems [31]. The nonlinear representation of the Freundlich model is as in equation (5):

g, =K:C;" (5)

Where Ke (mg g?) (L mg?) " and 1/n are the Freundlich constants related to adsorption capacity and
adsorption intensity, respectively. The Redlich—Peterson isotherm model combines elements from both the
Langmuir and Freundlich equation [32]. The nonlinear representation of the Redlich—Peterson model is as in
equation (6):
q — KRPCe
* 1+ agCl

(6)

Where Kgrp (L 1) and are (L mol™) are the Redlich-Peterson isotherm constants, while n is the exponent,
which lies between 0 and 1. The Sum of the Squares of the Errors (SSE) and the correlation coefficient (R?)
values are determined respectively by following equations (7) and (8) [33, 34]:

SSE= (qexp ~ Omod )2 (7)
2
R?=100] 1- qp—qdeZ (8)
Qexp "Davr

Where gexp (Mg g?) is equilibrium capacity from the experimental data, gawr (Mg g?) is equilibrium average
capacity from the experimental data and gmod (Mg.g™2) is equilibrium from model. So that R? < 100 — the
closer the value is to 100, the more perfect is the fit.

3. Results and discussion
3.1. Kinetic study

Fig. 2 show the adsorption capacity of MP versus sonicates time of MP with GAC for 5 mg L. It is clearly
evident from the Fig. 2 that the adsorption capacity of MP by GAC was increased with sonicate time and
then reached to equilibrium at about 80 min. We can notice that the adsorption capacity of the GAC is 1.228
mg g. Fig. 3 shows the experimental data and the predicted theoretical kinetics for the adsorption of MP
onto GAC for 5 mg L. The values of model parameters ki, k2, SSE and R? are presented in Table 2.
However, the R? value showed that the PSO model fits better with the experimental data than the PFO
model. In addition, the SSE test was also done to support the best fit adsorption model (Table 2). SSE values
were lower for PSO model than the PFO model. Based on R? and SSE values it was confirmed that PSO
model best fits the adsorption data, an indication of chemisorptions mechanism. Similar phenomena have
been described for pesticides adsorption on various adsorbents [35, 36].

Mor. J. Chem. 9 N°4 (2021) 832-841

835



1,4
1,2
—_ 1
< -
S 08 1
g
< 06
=) P
04 1
02 1
0 f T T f f f
10 20 40 60 80 100 120
t (min)

Fig. 2. Variation of MP uptake onto commercial
GAC against time
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Fig. 3. PFO and PSO nonlinear for MP adsorption by commercial GAC

Table 2. PFO and PSO models constants, SSE and R? for the adsorption of
MP by commercial GAC

Model Parameters  Values
Qexp 1.228
Qe 1.198
K1 0.107

PFO SSE 0.0146
R (%) 98.44
Qe 1.294
K2 0.137

PSO SSE 0.0014
R (%) 98.93

3.2. Adsorption isotherms

Fig. 4 show the experimental data fitted to non-linear forms of the three isotherms for MP adsorption by
GAC. The isotherms constants related to Langmuir, Freundlich and Redlich—Peterson models determined
from the plots shown in Fig. 4 are listed in Table 3. As can be clearly seen from Table 3, the Redlich-
Peterson and Langmuir models gave the highest R? and low SSE values showing that the adsorption
isotherms of MP by GAC were best described by these two models. The suitability of the Langmuir
isotherm to fit the data was confirmed by the exponent value of the Redlich— Peterson model, n, which was
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near to 1. It was observed that both the Langmuir and Redlich-Peterson isotherms could well represent the
experimental adsorption data, but the Redlich-Peterson isotherm model was better. Based on the Langmuir
isotherm model, the adsorption of MP on GAC adsorbent is likely to occur via chemisorption due to the
monolayer formation [37]. GAC adsorbent is assumed to have homogeneous surface-active sites which are
all identical and energetically equivalent. The monolayer adsorption capacity, gm, was found to be 20.20 mg
gl. To compare the efficiency of GAC in removing aqueous MP via ultrasound-assisted adsorption, some
tests by the mechanical shaking has been used and showed a capacity removal of 6.57 mg g*. The results
revealed the efficiency of using GAC as an adsorbent for the removal of MP from aqueous solution via
ultrasound-assisted adsorption.
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Fig. 4. Comparison between the experimental and predicted isotherms for the adsorption of
MP by commercial GAC

Table 3: Langmuir, Freundlich and Redlich-Peterson isotherm models constants,
SSE and R? for the adsorption of MP by commercial GAC

Model Parameters  Values
(m 20.20
Langmuir Ke 0.86
SSE 1.94
R (%) 99.47
1/n 0.34
. Kr 7.73
Freundlich SSE 10.06
R (%) 94.82
Krp 24.60
ORP 1.63
Redlich-Peterson n 0.90
SSE 0.076
R (%) 99.98

Computational Details

To explain the activity of adsorption process of MP on GAC, the power of the interaction between activated
carbon and methyl parathion was investigated in terms of Hard and Soft Acid-Base Principle. Chemical
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hardness represents the resistance of chemical species against the polarization. HSAB Principle of Pearson
states that “hard acids prefer the binding to hard bases and soft acids prefer the binding to soft bases.”
Conceptual Density Functional Theory (CDFT) presents the following equations to compute the hardness
(n) and electronegativity () [38-40].

oE I+A
5]
v(r)

oN 2

O’E
= =1-A
77 |:8N2:|v(l’)

In the given equation obtained in the light of a finite differences approach, | and A represents the ground
state ionization energy and electron affinity of the chemical system, respectively. Koopmans Theorem is
widely preferred to predict the ionization energy and electron affinity of chemical systems. In the light of
this theorem, we can write the following equations for hardness and electronegativity

_EHOMO — ELUMO

2

Z:

7 =E 4mo — Eromo

In the study, CDFT calculations for activated carbon and methyl parathion were made through B3LYP /6-
311G** calculation level. Atomistic model for active carbon is given below.

> .\,
@ @
Active carbon (AC)

Fig. 5. Atomistic models of the active carbon

Table 4: some parameters determined

Parameter Active carbon Methyl parathion
Exomo (eV) -5.63 -9.40

ELumo (eV) -2.61 -1.14

| 5.63 9.40

A 2.61 1.14

% 417 5.27

1 3.02 8.26

The deduced parameters issued are gathered in Table 4. Chemical hardness values of active carbon and
methyl parathion are quite high. Hard-hard and soft-soft interaction are powerful interactions because hard-
hard interaction is mainly electrostatic and soft-soft interactions is mainly covalent [41]. For that reason, the
performance of activated carbon in the adsorption of methyl parathion from aqueous solution is compatible
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with the predictions made within the framework of HSAB Principle. Another important electronic structure
principle is Sanderson’s Electronegativity Equalization Principle (EEP) [42]. According to this principle,
“when two or more atoms initially different in electronegativity combine chemically, their
electronegativities have become equalized”. This principle is widely used to explain the electron transfer
between chemical systems. It is apparent from the related table that There is a difference of 1.10 eV
between the electronegativities of the activated carbon and methyl parathion. This difference supports the
power of the interaction with activated carbon of methyl parathion

Conclusion
The ultrasound-assisted adsorption of MP from aqueous solution using commercial GAC has been studied.

The adsorption kinetic uptake for MP by GAC was analyzed by non-linear curve fitting analysis method to
fit the PFO and PSO equations. The obtained results showed that the PSO model fit the experimental data
well. The equilibrium data were analyzed using non-linear method by fitting them to the Langmuir,
Freundlich and Redlich—Peterson model equations. Both the Langmuir and Redlich—Peterson isotherms
represent well the experimental adsorption data, but the Redlich—Peterson model was better. The maximum
adsorption capacity was found to be 20.20 mg g*. It can be, therefore, concluded that the commercial GAC
is an efficient adsorbent for the removal of MP from aqueous solution via ultrasound-assisted adsorption
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