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ABSTRACT

In the present research, sheet nano poly(4,4’-methylenedianiline)/graphene oxide (nPMDA/GO)
adsorbent has been used to remove diazinon and imidacloprid, as high consumption pesticides,
from aqueous solutions. nPMDA/GO has been synthesized by in situ electropolymerization
method. Fourier-transform infrared spectroscopy, field-emission scanning electron microscopy
techniques, thermal gravimetric analysis, differential thermal analysis and X-ray diffraction
analyses have been employed to analyze physicochemical characteristics of produced adsorbent.
The concentration of diazinon and imidacloprid in water was measured using high-performance
liquid chromatography. In order to obtain an efficient adsorbent for sorption of diazinon and imi-
dacloprid, various parameters related to the adsorption process such as deposition time, tem-
perature, ionic strength, pH, concentration of the nPMDA/GO, and concentration of diazinon
and imidacloprid were optimized. The maximum removal efficiencies of diazinon (72.17%) and
imidacloprid (66.7%) by nPMDA/GO were obtained at pollutants concentrations of 25 mg L7, a
low absorbent concentration of 0.12 g L™ and, contact time of 120 min and alkali pH. The results
indicate that the adsorption of studied pesticides was dependent on ionic strength. By increas-
ing the ionic strength (adjusted by CaCl, concentration), the adsorption of herbicides can be sig-
nificantly decreased. Equilibrium empirical data have been fitted by Langmuir and Freundlich
isotherms. Correlation coefficients showed that equilibrium data were better matched with the
Freundlich model for imidacloprid and Langmuir model for diazinon. Kinetic data have been
fitted with pseudo-first-order and pseudo-second-order models; according to the obtained
correlation coefficients. It can be stated that the pseudo-second-order model is more suited to

the kinetic data related to pesticide adsorption on nPMDA/GO adsorbent.
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1. Introduction

With the rapid growth of urbanization and industrial-
ization of cities, the problem of pollutant emissions into the
ecosystem, even at very low concentrations, has raised con-
cern in many parts of the world [1]. Removal of metal pollut-
ants and agricultural pesticides from water and wastewater
has been the subject of stringent laws in many countries to
control water pollution [2]. Therefore, in order to maintain
the health of people, the environment, and the economic
use of all available water resources, water pollution sources
must be stopped and water quality improved. Agricultural
poisons such as imidacloprid [3], diazinon [2], and oxa-
diazon [4] are among the most water pollutants. These
organophosphorus and organochlorine pesticides have
been released into the environment due to their use as war
agents or agricultural pesticides [5]. The presence of these
pollutants in the environment, in addition to the irrevers-
ible effects on the ecosystem and the creation of aesthetic
dilemmas, have also adverse effects such as mutagenesis
and cancer in living things [6]. Therefore, the removal of
these compounds from the environment, especially drink-
ing water, is of particular importance; so that the maximum
limit set by the US Environmental Protection Agency (EPA)
for most organophosphorus pesticides in drinking water
is less than 30 pg L [7]. The most common methods for
the removal of toxins in water are chemical oxidation [8],
electrochemical [9], chemical deposition, adsorption [10],
biological removal [11], reverse osmosis [12,13], photocatal-
ysis [14], and filtration [15]. One of the methods that have
been of particular interest to researchers in recent years is
the use of surface adsorption [16-19]. Adsorption methods
are superior to other techniques due to their high efficiency,
flexibility, design simplicity, low cost, easy performance,
and minimal sludge production [20,21]. The main features
of a good adsorbent are high capacity and fast adsorption
[22,23]. These properties are obtained when the adsor-
bent has a high specific surface area and abundant surface
adsorption sites. Among the adsorbents, graphene oxide
nanoparticles have been used alone or in combination with
other adsorbents to remove pollutants from aquatic environ-
ments due to their high potential, adsorption capacity, and
high specific surface area [24,25]. The existence of hydro-
philic oxygenated functional groups on the basal planes and
edges of GO enables it to be functionalized through cova-
lent and non-covalent bonds to yield versatile new materi-
als [26]. So far, extensive industrial and academic research
has been done to improve the properties and increase the
applicability of graphene oxide nanoparticles in various
fields. Keshvardoostchokami et al. [27] synthesized silver/
graphene oxide nanocomposite and surveyed its usage in
removal of imidacloprid from contaminated waters. Boruah
et al. [28] reported FeO,/graphene oxide nanocompos-
ite as an efficient adsorbent for triazine pesticides. In this
regard, polymeric nanocomposites have a special place.
Polymeric molecules such as diamines, aldehydes, polypro-
pylenimine, iodobenzene and diisocyanate are suggested
[29-31]. Koolivand et al. [26] used graphene oxide/poly-
imide nanocomposites as highly CO, selective membranes,
which are effective for environmental problems. Mejias
Carpio et al. [32] used graphene oxide functionalized with

ethylenediaminetriacetic acid membrane to adsorb heavy
metal [32]. Among the compounds, aniline monomers are
special compounds due to their amine groups [33] which
can enhance the properties of graphene oxide, in addition
to removal of cationic and anionic contaminants from aque-
ous solutions [34-37]. 4,4’-methylenedianiline (MDA) is
a derivative of aniline with primary amine (-NH,) group
substituted at the para-position [38]. The amine groups
can enhance the properties of graphene oxide by connect-
ing to the graphene surface through amide bond formation
with a carboxyl group [39].

In this research, 4,4’-methylenedianiline/graphene oxide
nanocomposite (NnPMDA/GO) adsorbent was electrosyn-
thesized using in situ method to absorb imidacloprid
and diazinon from aqueous solutions. The effect of major
factors such as contact time, initial pesticide concentration,
adsorbent dosage, pH, and temperature was studied on the
adsorption efficiency of pesticide. The kinetic and isotherm
studies of the adsorption reactions were fully detailed
and discussed.

2. Materials and methods
2.1. Chemicals and reagents

4,4’-methylenedianiline (C H;)N,) functional mono-
mer, lithium chloride (LiCl), and calcium chloride (CaCl,)
were purchased from Merck, (Germany). Diazinon (purity:
98.9%) and imidacloprid (purity: 98%) pesticides were pur-
chased from Sigma-Aldrich, (Spain). The stock solution of
diazinon and imidacloprid (1,000 mg L) were prepared in
deionized water. The graphite electrodes with the specifica-
tions given in Table 1 were prepared for in situ synthesis of
the nanocomposite. All other chemicals were of analytical
grade and commercially available and were used without
further purification.

2.2. MDA-GO nanocomposite electrosynthesis

The electrosynthesis of nPMDA/GO composite was
performed by an in situ electro-oxidation polymeriza-
tion of MDA monomer in the presence of graphite elec-
trodes. First, the graphite electrodes with a thickness of
3 mm and a distance of 3 cm were inserted into the reac-
tion tube. Before use, the electrode surface was rinsed
with water and ethanol solution. In a typical synthesis
process, 5 mmol MDA monomer and 2 mmol lithium
chloride electrolyte were added to 30 ml ethanol/water
in the reaction tube. Electrosynthesis was done under
ultrasonic conditions using an ultrasonic water bath

Table 1
Graphite compound

Compounds Percentage
C 97%
Si 0.3%
Cu 0.4%
Mn 2.3%
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(frequency 35 kHz mains connection 230 V) for 120 min.
The polymerization reaction was initiated immedi-
ately after applying a potential difference of 6 V to the
above solution. The precipitate was separated by cen-
trifuge and after washing 3 times with distilled water
and ethanol, and finally, was dried at room temperature.

2.3. Characterization

The concentration of diazinon and imidacloprid in
solutions was measured using high-performance liquid
chromatography (Agilent Technology 1260 Infinity series)
with a C18 column (250 mm x 4.6 mm, 5 m). Water-metha-
nol mixture (30:70 v/v) was used as a mobile phase at a flow
rate of 1 ml min™. The limit of detection was found to be 0.03
and 0.07 ng uL™ at selected wavelengths of 290 and 214 nm
for diazinon and imidacloprid, respectively. The Fourier-
transform infrared spectroscopy (FT-IR) was recorded using
a Perkin Elmer Spectrum 65 device at 4,000-400 cm™ from
KBr pellets for the detection of functional groups. Thermal
gravimetric analysis (TGA) was performed on STA BAHR
503 instrument in the temperature range of 5°C-550°C with
a heating rate of 10°C min™ under nitrogen atmosphere to
evaluate the thermal stability of nPMDA/GO. The struc-
ture of adsorbents was investigated by recording X-ray
diffraction (XRD) patterns with a SIEMENS D5000 X-Ray
Diffractometer using Cu-Ko radiation (A = 1.54059 A) over
the range of 10° < 20 < 90°. FE-SEM images were taken by
field-emission scanning electron microscopy (FE-SEM) on
LEO 1455 VP equipped with an energy-dispersive X-ray
(EDX) spectroscopy apparatus for analyzing the morphology
of nanostructures and identifying chemical constituents.

2.4. Adsorption experiments

All adsorption experiments were performed in batch
mode. The nPMDA/GO (30-150 mg) was added to 10 mL
diazinon or imidacloprid solutions (25-400 mg L) in 30 mL
flasks, and they were agitated for 30-120 min at 200 rpm.
The effect of other parameters including temperature (25-100)
and initial pH (2-10) was also studied. Then, the mixture
was filtered, and the treated samples were analyzed to esti-
mate the pesticide adsorption capacity of the adsorbents.
To investigate the particular effect of each parameter, one
parameter was varied, while others were kept constant [40].

2.5. Adsorption isotherm

The adsorption isotherms designate the distribution of
adsorbate between the liquid and solid phases in the equi-
librium state. The adsorption equilibrium data were fitted
using the Langmuir Eq. (1) and Freundlich Eq. (2):
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where g, is the maximum adsorption capacity (mg g™),

K, is the adsorption equilibrium constant (g mg™), charac-
teristic of the affinity between the adsorbent and adsorbate.

K, and g, can be obtained by linear regression of (C/g,) vs.
C, data. Moreover, K, is the Freundlich adsorption con-
stant ((g mg™)""), which is an indicator of the adsorption
capacity, while n refers to the adsorption tendency.

2.6. Adsorption kinetic

The mechanism of adsorption and the rate of the pro-
cess can be investigated through important information
provided by the kinetic study. The kinetic was studied
based on the pseudo-second-order Eq. (3) and pseudo-
first-order Eq. (4) model as follows:

t 1 t
St €]
Q, kQ: Q

t 1 1
e @
9, 4.k q,

where t is the adsorption time, Q, is the amount of pesticides
adsorbed at any time t, (mg g™), Q, is the amount of pesti-
cides saturated adsorbed (mg g™), k is the pseudo-second-
order rate constant (g (mg h)™). The rate constant k can be
obtained from the slope and the intercept of the plot of #/
Q, vs. t and where g, (mg g) is the adsorption capacity at
equilibrium, g, in (mg g7) is the adsorption capacity at a
time t (min), k, (min™) is the pseudo-first-order rate constant.

3. Results and discussion
3.1. Characterization of nPMDA/GO

Fig. 1 shows the FT-IR spectrum for the nPMDA/GO
nanocomposite. The abundance of functional groups with
oxygen is a characteristic of GO. The wide and intense
peaks at 3,400 cm™ are related to the stretching vibration
of OH, which indicates GO has a large amount of water
molecules absorbed at the surface. Also clearly visible
are the peaks at 1,017 cm™, which are related to the ten-
sile vibration of the C-O-C bond, and the peaks at the
1,384 cm™ represent the OH of the C-OH group. The
peak of C=C group shows in the area of 1,615 cm™ that it
is related to graphene Sp? hybrid. The peak at 1,760 cm™
belongs to the C-O group, which has operated and pro-
duced the carboxyl group (COOH). Clear peaks for MDA
are seen at 2,900 and 2,850 cm™', which are related to the
tensile vibration in the methylene group, and the peak
at 3,373 cm, which is related to the N-H bond. Strong
absorption peaks of the quinonoid ring (C=N) appeared at
1,512 cm™. Amide group absorption peaks for nanocom-
posites have been observed at 1,620 cm™, which shows the
amidation between GO carboxylic acid groups and amino
groups in aniline. The interaction between GO and MDA
is a combination of electrostatic interactions, hydrogen
bonds, and m—m interactions (Fig. 2).

To evaluate the thermal properties of nPMDA/GO
nanocomposite, TGA and differential thermal analy-
sis (DTA) analyses were used in the temperature range
of 25°C-550°C. Fig. 3 shows the TGA chart for nPMDA/
GO. In nPMDA/GO nanocomposites, gradual weight loss
to the temperature range of 100°C is caused by the loss
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Fig. 1. FT-IR spectra of nPMDA/GO (a) and GO (b).

of moisture on the surface and between its layers. Then,
at 100°C-300°C, the functional groups with oxygen in the
GO are reduced from the nanocomposite structure. After
a temperature of 300°C, MDA begins to break down into
nanocomposite. Then, at temperatures above 450°C, the
weight loss is related to the unstable carbon remaining in
the structure and the decomposition of oxygen-containing
groups such as ketones in the main structure to produce
CO and CO,. The DTG chart shows the two exothermic
peaks which appear in the range of 270°C and 525°C,
which approves TGA analysis. As a result, it can be said
that nanocomposite has good thermal stability.

In order to study the structure of nPMDA/GO, the XRD
spectrum of nanocomposite was taken (Fig. 4). As can be
seen, the peak observed at an angle of 7.4° corresponds to the
crystal plate of graphene oxide and shows that the graphene
structure has not been degraded during the polymeriza-
tion process and has been successfully placed on the MDA
polymer. The peaks are also seen at angles 24.5° and 25.5°;
these peaks are related to the scattering of graphene atoms,
which is the flat surface of graphene formed between the

T aoon ) Theoo ’ T
Wawanismbers (cm- 1)

layers of graphene surfaces. There are also peaks with angles
of 17° and 21°, which are related to 4,4’-methylenedianiline.
FE-SEM images show the morphology and distri-
bution of nanoparticles of graphene oxide. As shown in
Fig. 5, graphene oxide is characterized by semi-transpar-
ent sheets with some particles and dimensions of 25 nano-
meter with small holes, which indicates the accuracy of the
synthesized nPMDA/GO nanocomposite plates. In fact,
the following analysis shows that the synthesized adsor-
bent has good porosity and can provide good adsorption
capacity to adsorb contaminants. The EDX clearly showed
the elementals of the nanocomposite (Fig. 6). The percent-
age compositions were 59.65%, 18.34% and 19.79% for
carbon (C), nitrogen (N) and oxygen (O) in nPMDA/GO.

3.2. Removal studies
3.2.1. Mechanism of MB adsorption

When pesticides and nanocomposite adsorbent are
mixed, the imine and hydroxide groups present on the
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SEM HV: 15.0 kV WD: 5.13 mm SEM HV: 15.0 kV WD: 5.13 mm

View field: 2.08 ym | Det: InBeam SE | 500 nm
SEM MAG: 100 kx | Date(midly): 04/06/15

View field: 4.15 pm Det: InBeam SE

SEM MAG: 50.0 kx | Date(m/dly): 04/06/15

Fig. 5. FE-SEM images of nPMDA/GO.
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Fig. 6. EDX analysis of nPMDA/GO.

adsorbent surface form hydrogen bonding through react-
ing with functional groups of pesticides. In addition, due
to the presence of aromatic rings in the adsorbent and
pesticides, a m-m bond is formed between them, which
these interactions lead to removing pesticides.

3.2.2. Effect of adsorbent dosage

In order to find the optimal amount of adsorbent that
can absorb the highest amount of diazinon and imidaclo-
prid contaminant, different amounts of nPMDA/GO were
used and the elimination efficiency of toxins were moni-
tored. Adsorbent dosage was varied in the range of 0.03—
0.15 g, while all other parameters including temperature,
agitation time, pH and shaking speed were constant. Fig. 7
shows that increasing the adsorbent dosage improves the
removal percentage of pesticides, which the maximum
removal of 66.67% for diazinon and 72.3% for imidaclo-
prid was obtained at an adsorbent of 120 mg. It was found
that, in the beginning, the adsorption mainly occurs on
the surface of nPMDA/GO, so the adsorption rate is fast.
After saturation of the surface adsorption, the adsorption
gradually proceeds into the inner part of nPMDA/GO via
the diffusion of pesticides into the nanocomposite matrix,
which leads to a lower adsorption rate. By increasing the
amount of adsorbent to 0.15 g, eliminating toxins does
not significantly increase. Therefore, 0.12 g was selected
as the most suitable dosage of adsorbent prepared in all
removal experiments.

3.2.3. Effect of contact time

The deposition time of diazinon and imidacloprid con-
taminations removal from the solution was investigated
for 120 min, the results of which are shown in Fig. 8. As
can be seen, the absorption efficiency of diazinon and
imidacloprid by nPMDA/GO nanocomposite is 73.12 and
69, respectively. In addition, the absorption equilibrium
point was reached at about 120 min for adsorption. A sig-
nificant increase in adsorption capacity at the beginning

ADSORPTION

0.03 0.06 0.09 0.12 0.15
Dosage (g)
—+— Diazinon

Imidacloprid

Fig. 7. Effect of adsorbent dose on the adsorption of imidacloprid
and diazinon.
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Fig. 8. Effect of contact time on the adsorption of imidacloprid
and diazinon.
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of the contact time can be due to the presence of high
and unsaturated active sites of nMDA/GO adsorption
level. Over time, this process slows down and stabilizes
due to saturation of active sites, and the cavities are filled
with adsorbate molecules. Similar findings have been
reported by various researchers. Mushtaq et al. [41] eval-
uated effect of the contact time parameter on the removal
of copper by using bentonite composite with Eriobotrya
japonica seed adsorbent and showed that adsorption was
initially fast and then decreased after a specific time
and finally, reached the equilibrium.

3.2.4. Effect of pesticide concentration

To evaluate the adsorption performance of nPMDA/
GO nanocomposite in presence of different concentra-
tions of studied pesticides, its performance was investi-
gated at diazinon and imidacloprid concentrations of 25
to 400 ppm while all other parameters were constant. As
the initial concentration of toxins increases, the elimina-
tion percentage decreases and reaches its minimum at
400 ppm. At low primary concentration, vacant binding

70 e Y
0867 ———
n ~6L_ ~—a
35
= 3 1
£ 30
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20
10
25 50 100 200 400
Poisons (ppm)
—+— Diazinon = Imidacloprid

Fig. 9. Effect of initial concentration of imidacloprid and
diazinon on the adsorption of imidacloprid and diazinon.
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Fig. 10. Effect of pH on the adsorption of imidacloprid and
diazinon.

sites were available and percentage sorption was high,
and when initial insecticide concentration was increased,
the percentage sorption was reduced due to the satura-
tion of binding sites on the adsorbent surface. Chang et al.
[42], using activated carbon from rice straw agricultural
waste for removal of carbofuran, indicated that when the
initial pesticide concentration increased, the percentage
removal decreased from 59% to 15%. As shown in Fig. 9, at
higher concentrations, the adsorption process stops due to
the saturation of the adorbent surface [43].

3.2.5. Effect of pH

pH plays an important role in the adsorption effi-
ciency of the nPMDA/GO. Functional groups available
on the surface of NPMDA/GO such as amine and hydrox-
ide groups are responsible for the sorption of diazi-
non and imidacloprid molecule because the structure of
these surface functional groups was modified in differ-
ent ways at different pH values. For this aim, pH of the
adsorption media was varied in the range of 2-10, while
other experimental conditions were remained the same
(Fig. 10). Results clearly indicated that at lower pH val-
ues, there is a competition for the active sites between H*
ions and pesticides molecule that reduced the adsorption
efficiency. While in basic media, the competing effect of
H* reduced and surface acquired negative charge, so the
positively charged adsorbate molecules were attracted for
adsorption. Fairooz et al. [44], using Pomegranate Peel
for adsorption of pesticide, showed when pH increases,
the electrostatic excretion between pesticides and surface
sites decreases, and the pesticides sorption increases.

3.2.6. Effect of ionic strength

The effect of ionic strength on the adsorption of pes-
ticides was shown in Fig. 11. The results show that the
addition of Ca* ions decreased sorption. Two mecha-
nisms may explain the decrease in adsorption of pesti-
cides with increasing Ca* ion concentration. Firstly, Ca*
ions can adsorb directly onto Functional groups available
on the surface of nPMDA/GO and reducing its negative
surface charge; this leads to reduce the electrostatic inter-
action between pesticides and adsorbent. Furthermore, the
addition of divalent salt (CaCl,) decreased the availability
of the vacant sites on the adsorbent.

3.2.7. Effect of temperature

The sorption percentage of pesticides revealed a
decreasing trend with increasing temperature (Fig. 12),
which indicates that the adsorption is an exothermic pro-
cess. This may be attributed to the fact that attractive forces
between nPMDA/GO surface and pesticide are weakened
and the sorption decreases [45]. In other words, rising tem-
perature increases the kinetic energy and decreases the
quantity of sorption. Moradi Kalhor et al. [3], by studying
the removal of imidacloprid pesticide using silica nano
hollow sphere (SNHS) and amino-functionalized silica
nano hollow sphere (SNHS-NH2) adsorbents reported
that as temperature rises, the adsorption rate is reduced.
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Fig. 11. Effect of ionic strength on the adsorption of imidacloprid
and diazinon.
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Fig. 12. Effect of temperature on the adsorption of imidacloprid
and diazinon.

Kinetic parameters for the adsorption of diazinon and imidacloprid onto nPMDA/GO adsorbent

Pseudo-second-order

Pseudo-first-order

Kinetic
esticide

qg,(mgg™) k, (min™) R? q,(mgg™) k, (min™") R?

1.62 0.072 0.998 0.963 -0.001 0.921 Diazinon

1.52 0.082 0.999 0.960 -0.001 0.897 Imidacloprid
Table 3
Isotherms parameters for the adsorption of diazinon and imidacloprid onto nPMDA/GO adsorbent

Freundlich Langmuir Isotherms
Adsorbent

K (mgg™) N R R, T (MG &™) b (Lmg") R

0.002 0.34 0.928 1.53 1.105 0.066 0.944 Diazinon

0.536 2.008 0.546 0.316 3.982 0.072 0.457 Imidacloprid
3.3. Kinetics study Table 4

Adsorption capacities of nPMDA/GO were tested as
a function of time. All the adsorption rate constants and
linear regression correlation coefficients are presented in
Table 2. The data illustrate that the correlation coefficient
pseudo-second-order model is more suitable to describe the
adsorption kinetics process. Results specify that the rate-
limiting step may be a chemical bonding in the adsorption
process for pesticides. Similar kinetics trends have also been
reported previously for different pollutants sorption onto
composites such as rhodamine B dye on activated sludge [46].

3.4. Adsorption isotherms

The adsorption isotherms of nPMDA/GO for diazinon
and imidacloprid were measured, and fitted by Langmuir
and Freundlich models. As shown in Table 3, the Freundlich
model can better represent the imidacloprid that it can be
deduced the adsorption on a heterogeneous surface having
binding sites with different energy contents. The Freundlich

Comparison of maximum adsorption capacity of adsorbents for
diazinon and imidacloprid removal

Adsorbents Sorption capacity
Diazinon Imidacloprid

nPMDA/GO 7217 66.7

nPMDA 53.01 46.78

GO 62.91 56.3

isotherm model is empirical in nature, which assumes that
the stronger binding sites are occupied first, and binding
strength decreases with increasing degree of site occupation
[47]. Langmuir isotherm model better represents diazinon
adsorption; based on this, it can be concluded that all the
adsorption sites have the same energy level and adsorption
occurs at specific homogeneous sites on the surface of the
nPMDA/GO [48].
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3.5. Efficiency comparison

To compare the sorption capacity of nMDA/GO with
nPMDA and GO, their maximum adsorption capacities are
reported in Table 4. Results indicated that the sorption capac-
ity of nPMDA/GO was higher than that of other sorbents.
It seems that multilayers structure and functional groups
of nMDA/GO was the cause of this high sorption capacity
(Nikzad et al. [20]).

4. Conclusion

The first step of this discussion was the preparation of
the sheet nano 4,4"-methylenedianiline/graphene oxide by
in situ electropolymerization method. The FT-IR, FE-SEM,
and EDX techniques have been applied to identify the
formed nanocomposite. FE-SEM images clearly indicate the
nMDA/GO with different sizes, while the average particle
diameter was in the range of 20-30 nm. The TGA and DTA
analyses used to evaluate the thermal properties nMDA/
GO. The result showed nanocomposite has good thermal
stability up to 450°C. Also, the XRD spectrum of nanocom-
posite was taken to study the structure of nMDA/GO. The
results showed that the nanocomposite has been success-
fully synthesized. Equilibrium tests have been conducted
on diazinon and imidacloprid at different conditions.
The results showed that the pesticide adsorption process
is dependent on initial solution concentration, dosage
amounts, adsorption temperature, and pH. The amounts
of imidacloprid and diazinon were reduced at lower pH
values for this system. In addition, the sorption percentage
of pesticides was decreased by increasing the temperature.
Pseudo-second-order kinetic model was found to be better
fitted to the diazinon and imidacloprid adsorption data.
The sorption isotherms were better fitted by the Freundlich
for imidacloprid and Langmuir model for diazinon.
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