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ABSTRACT

The potentiality of eco-friendly low cost natural and agricultural wastes of orange peels (OPAC) and
almond shells (ASAC) prepared for the removal of acetamiprid pesticide from aqueous solution has
been investigated in batch experiments. Structure and morphology of OPAC and ASAC were char-
acterized by Fourier transform infrared spectroscopy (FTIR), x-ray diffraction (XRD), Field Emission
scanning electron microscopy equipped with an energy dispersive x-ray analyzer (SEM-EDX) and
surface area (BET) was determined by the nitrogen adsorption and desorption isotherm. The effect of
various physicochemical parameters such as initial acetamiprid concentrations, adsorbent dose and
contact time has been studied. The percent removal of acetamiprid onto OPAC and ASAC were 99.46
and 99.45% from aqueous solutions. The adsorption process was attained an equilibrium within 120
min of contact time. The experimental isotherms data were analyzed using Freundlich, Langmuir,
and Dubinin-Radushkvich (D-R) isotherm equations. Results showed that adsorption isotherms of
acetamiprid onto OPAC and ASAC can be slightly better- fitted data by the Freundlich model than
Langmuir model. The maximum adsorption capacities were 151.515 and 370.37 mg g™ for OPAC and
ASAC, respectively. The energy of adsorption for OPAC and ASAC were 0.791 and 0.845 KJ/mol, indi-
cating that the adsorption process is physical in nature. The kinetic adsorption of acetamiprid was
fitted well the pseudo-second-order kinetic model for OPAC and ASAC, respectively.
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1. Introduction tion [4]. Acetamiprid has been widely used in agriculture
because of its good insecticidal effect. It shows excellent
efficacy against aphids, leafhoppers, whiteflies, thrips etc.
in various crops like okra, mustard, strawberry, cotton,
and citrus. But it has also brought serious environmental
problems at the same time [5], due to the high stability and
solubility of acetamiprid in aqueous solution [6]. Recently,
acetamiprid residues in the environment have received con-
siderable attention due to their potential toxicity to humans.
Therefore, it is important to prevent the accumulation of
acetamiprid in the environment

There are several procedures available for pesticides
removal from water which includes photocatalytic deg-
radation [7,8], ultrasound combined with photo-Fenton

Pollution of surface and ground waters causes risk to
human health in the case of the potential health hazards
of their constituents of inorganic and organic compounds.
Pesticides are like hazardous compounds that cause water
pollution due to their extensive application for insecticides,
acaricides, repellants, fungicides, herbicides, etc. The com-
mon usage of these chemicals has some undesirable effects
such as toxicity, carcinocity and mutagenity [1-3].

Among the numerous agrochemicals, acetamiprid, a
neonicotinoid insecticide, is a nitromethylene heterocyclic
compound that has a relatively strong groundwater infiltra-
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treatment [9], advanced oxidation processes [10], ozona-
tion [11] and adsorption [12]. Adsorption by activated car-
bon (AC) is one of the most widely used techniques and
has proven to be effective in the removal of pesticides [13],
heavy metals [14,15], dyes [16-19] and phenols from aque-
ous solutions.

Activated carbons (ACs) are porous materials that have
a high surface area and high adsorption capacity, which can
remove a wide variety of pollutants such as dyes, heavy
metals, pesticides, and gases. Due to its adsorptive prop-
erties, the ACs are used to purify, detoxify, deodorize, fil-
ter, discolor or alter the concentration of many liquid and
gaseous materials. These applications are of great interest
in various industrial sectors such as food, pharmaceutical,
chemical, oil, mining, and especially in the treatment of
drinking water [20]. Because of the high cost and non-re-
newable source of commercially available AC, in recent
years, researchers have studied the production of ACs from
cheap and renewable precursors, such as olive husk [21]
and cotton stalks [22].

Among the agricultural wastes, orange, as a kind of
biological resources is available in large quantities in many
parts of the world. The use of orange peel as a biosorbent
material presents strong potential due to its main compo-
nents of cellulose, pectin (galacturonic acid), hemicellulose
and lignin. These components bear various polar functional
groups including carboxylic and phenolic acid groups [23-
25]. As a low cost, orange peel is an attractive and inexpen-
sive option for the biosorption removal of dissolved metals.
Some authors reported the use of orange waste as a precur-
sor material for the preparation of an adsorbent by common
chemical modifications such as alkaline, acid, ethanol and
acetone treatment [26].

Almond (Prunus amygdalus L.) is one of the important
agricultural materials, abundant, effective and cheap. It is
cultivated in some countries such as USA, Spain, Morocco,
Iran, and Turkey, and is globally consumed. When the
fruit of almond is processed to obtain the edible seed, big
ligneous shell fragments are separated. Almond shells can
be used as an adsorbent. The cell walls of almond shell
consist of cellulose, silica, lignin, and carbohydrates which
have hydroxyl groups in their structures [27-29]. These
materials cause potential disposal problems since they
exist in enormous quantities, and have no important prac-
tical utility [30].

To the best of our knowledge, there is no any study
devoted to the potential applicability of for the removal of
pesticide acetamiprid by two different kinds of activated
carbon from two different agricultural wastes orange peels
and almond shells as precursors and low cost adsorbents
from aqueous solution. Some researcher, Fatima and Belk-
acem (2016) prepared activated carbon from natural clay
and used it as a cheap adsorbent for removal of acetamiprid
from aqueous solution [31].

The use of agricultural wastes as the precursor for the
preparation of activated carbons will provide the solution
to environmental problems caused by wastes as well as they
produce benefit products from low cost materials. There-
fore, the main objectives of this study were to investigate
the potentiality of using inexpensive agricultural wastes
(cellulose based wastes), Orange Peels Activated Carbon
(OPAC) and Almond Sells Activated Carbon (ASAC) as

an adsorbent for the removal of acetamiprid. The effects of
adsorbent mass, initial pesticide concentrations and contact
time on acetamiprid removal were studied. Adsorption iso-
therms and kinetics parameters were also calculated and
discussed.

2. Materials and methods
2.1. Chemicals

Physico-chemical properties of acetamiprid pesticide
are reported in Table 1. All reagents used in this study were
of analytical grade. Before each experiment, all glassware
was cleaned with dilute nitric acid and repeatedly washed
with deionized water.

2.2. Equipment

The concentration of acetamiprid pesticide was deter-
mined by Agilent HPLC 1260 infinity series (Agilent Tech-
nologies) equipped with a quaternary pump, a variable
wavelength diode array detector (DAD). Quanta 250 FEG
(Field Emission Gun) scanning electron microscopy (Nether-
lands) was used for scanning the adsorbent surface attached
with EDX Unit (Energy Dispersive X-ray Analyses), with
accelerating voltage 30 KV. The infrared spectra of adsorbents
were recorded in KBr discs on an infrared spectrophotometer
(Model PerkinElmer 1720). XRD patterns were recorded on a
Pan Analytical model X'Pert Pro (Almelo, Netherlands) with
Cu Ka radiation (1.54 A°) at 40 kV and 40 mA in the 26 range
10-80. Deionized water was prepared using a Millipore Mil-
1i-Q (Bedford, MA) water purification system. The Brunau-
ere Emmette Teller (BET) surface area (SBET) for OPAC
and ASAC was determined by the nitrogen adsorption and
desorption isotherm, pore size distribution and specific sur-
face area were measured using an AUTOSORB-1 surface area
and pore size analyzer at 77 K.

2.3. Preparation of the adsorbent

Orange peels (OP) were collected from a local fruit in
Egypt. Almond shells (AS) were collected from a local center
of preparation of shell-removed almond in Egypt. Orange

Table 1
Some properties and chemical structure of acetamiprid
Common name Acetamiprid
Chemical structure Cl_#N
CH
Sy HZC\N_C s
| SN—C=N
CH,

Pesticide group Neonicotinoid Insecticide

Molecular formula C, H,CIN,
Molecular weight (g-mol™)  222.68

Pesticide Type Insecticide
Solubility in water (mg L) 4250 mg/L
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peels and almond shells were cut into small pieces and,
after drying and crushing, washed thoroughly with dou-
ble-distilled water to remove adhering dirt. Then, they were
dried in an oven at 100°C for 24 h and were sieved. The sam-
ple was then soaked in orthophosphoric acid (H,PO,) with
an impregnation ratio of 1:1 (w/w) for 24 h and dehydrated
in an oven overnight at 105°C. The resultant sample was
activated in a closed muffle furnace to increase the surface
area at 500°C for 2 h. The AC produced was cooled to room
temperature and washed with 0.1 M HCI and successively
with distilled water. Washing with distilled water was done
repeatedly until the pH of the filtrate reached 6-7. The final
product was dried in an oven at 105°C for 24 h and stored in
a vacuum desiccator until needed [32].

2.4. Adsorption experiments

The adsorption experiments of acetamiprid onto OPAC
and ASAC were carried out in a set of 150 Erlenmeyer
flasks. 100 ml of the pesticide solutions of various initial
concentrations in the range 100-800 mgL~" were added to
separate flasks and a fixed dose of (1 g for OPAC and 0.5
g for ASAC) were added to each flask covered with glass
stopper at room temperature (25°C + 2) with occasional agi-
tation to reach equilibrium.

For kinetic studies of acetamiprid onto OPAC and
ASAC, 100 ml of the solution containing 1000 mg/L with
1 g of OPAC and 0.5 g of ASAC for different time intervals
from 5 to 180 min to determine the equilibrium time at room
temperature (25°C + 2).

Isothermal studies of acetamiprid were conducted with
an adsorbent quantity of 1 g for OPAC and 0.5 g ASAC with
acetamiprid concentrations of 100, 200, 300, 400, 500, 600,
700 and 800 mg/L in identical conical flasks. Blank solu-
tions were treated similarly (without adsorbent).

All samples should be cleaned by filtration with Target
Nylon (0.45 pm) prior to analysis in order to minimize the
interference of the carbon fines with the analysis. The sam-
ples were analyzed using HPLC with DAD.

The adsorption capacity was determined by using the
following equation, taking into account the concentration

difference of the solution at the beginning and at equilib-
rium [33].
(CO - Ce)

R 0
m

where C; and C, are the initial and the equilibrium concen-
tration of acetamiprid mg/L, respectively, V is the volume
of solution (ml) and m is the amount of adsorbent used (g).
The removal percent of acetamiprid from solution was cal-
culated by the following equation:

Removal(%) = (G =C)V
m

)

2.5. HPLC analysis

The concentrations of acetamiprid in the solutions
before and after adsorption were determined using an
Agilent HPLC 1260 infinity series (Agilent technologies)
equipped with a quaternary pump, a variable wavelength
diode array detector (DAD) and an auto-sampler with an
electric sample valve. The column was Nucleosil C,, (30 x
4.6 mm (i.d) x 5 ym) film thickness. The mobile phase was
30/70 (V/V) mixture of HPLC grade acetonitrile/water.
The mobile phase flow rate was 1 ml/min. The wavelength
was 246 nm. The retention time of acetamiprid was 6.1 min
and the injection volume was 5 pL under the conditions.

3. Results and discussion

3.1. Characterization of the prepared adsorbents (OPAC and
ASAC).

Scanning electron micrograph (SEM) images of the
prepared OPAC and ASAC before and after adsorption are
shown in Figs. 1 and 2, respectively. The SEM images obvi-
ously are shown the porous nature of prepared active car-
bons from AS and OP. The OPAC has holes and cave type
opening on its surface and that accessible more surface
area available for adsorption of acetamiprid [34]. After

Fig. 1. SEM images of OPAC (A) before adsorption of acetamiprid (B) after adsorption.
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Fig. 2. SEM images of ASAC (C) before adsorption of acetamiprid (D) after adsorption.

adsorption of pesticide, change is observed in the struc-
ture of the OPAC due to covering partially by the acetami-
prid pesticide molecules. Meanwhile, the prepared ASAC
sample presents an irregular and a large number of micro-
pores of various sizes at the surface. The availability of
pores and internal surface is clearly displayed in the SEM
picture of the prepared samples before adsorption and the
coverage of the surface and the pores by the adsorbed pes-
ticide is shown in Fig. 2. The pore formation of activated
carbon is mainly attributed to the addition of phosphoric
acid which causes the samples to swell and it opens the
surface structure.

It has been reported that H,PO, accelerated the bond
cleavage reactions leading to the early evolution of volatiles
at below 300°C and generation of empty spaces. At high
temperatures, the reactive sites leave a hard aromatic car-
bon porous structure for adsorption [35].

In order to know the composition of OPAC and ASAC,
elemental analysis was done using of EDX analysis. The
EDX analysis is shown in Fig. 3 which show the presence
of various elements such as Ca, Al P in the very small per-
centage. They not play any role with the used pesticide
acetamiprid and high amount of carbon 73.75% and 62.98%
for OPAC and ASAC, respectively [36]. The active sites and
porosity of the prepared activated carbon plays the main
role in the adsorption process.

FTIR spectra of the prepared ASAC and OPAC are
shown in Fig. 4. ASAC spectrum (Fig. 4A) is shown a broad
peak in the range of 3200-3600 cm™ with a maximum at
about 3384 cm™ is assigned to the O-H stretching mode of
hydroxyl groups and adsorbed water. A medium band of
symmetric and asymmetric C-H stretching vibration at 2941
and 2892 cm™ is due to the presence of methyl group on
the surface. The peak observed at 1738 cm™ is the stretch-
ing vibration of a bond due to carboxyl groups and may be
assigned to carboxylic acids or their esters. A strong absorp-
tion at 1235 cm™ is for C-O stretch due to an alcoholic group
and a strong absorption at 1627 cm™ is due to C—C stretch.
The peaks around 1418 cm™ are due to the symmetric bend-
ing of CH,. The peak observed at 1020 cm™ is attributed to
C-H in the plane [37]. FTIR spectrum of OPAC is shown in
Fig. 4b. The broad and intense adsorption peaks at around

283

Elemant Wt & oy kY F
CK 73.75 81.75 o
0K 17.15 1477 0
ALK 1.05 0.52
TE 805 3.46

Total 100.000 140,00

C
(A)
I
o
2l

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 keV

Element Wt & At %
CK €2.58 72.85
0K 25.85 22.3¢
ALK 0.78 0.3%
PE 9.€2 4.31
Cak 0.77 0.27

Total 100.00 100.00

c
(B)
P
0
Ca
il s
Y - e

0.60 1.1 i.a0 240 300 3.60 4.20 4.80 5.40 6.00 ke
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3384 cm™ correspond to O-H stretching vibrations. The
peaks at 2928 and 2874 cm™ are attributed to the symmetric
and asymmetric C—H stretching vibration of aliphatic acids.
The peak observed at 1709 cm™ is the stretching vibration
of bond carboxyl groups and may be assigned to carboxylic
acids or their esters. The peak observed at 1608 cm™ is due
to C=C stretching that can be attributed to the aromatic C-C
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Fig. 4. FTIR spectra of (A) ASAC and (B) OPAC.
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bond. Beside appearance of a weak bond at 670 cm™ for Ca
phosphate.

XRD patterns for the prepared activated carbon OPAC
and ASAC are shown in Fig. 5. It has been observed two
peaks at 20 = 25.18 and 45.8 attributed d , and d,, respec-
tively. These diffraction peaks are evidence that the sam-
ples have a turbostratic structure. This turbostratic model
assumes that the samples are made of graphite-like micro-
crystallites, bounded by cross-linking network, consisting
of several graphite-like layers [38]. The value of d , is com-
parable with those reported by Kumar et al. on activated
carbon cloth [39].

3.1.1. BET surface area and pore characteristics

Figs. 6 and 7 show N, adsorption-desorption iso-
therms and pore-size distribution curves of orange peel
active carbon and almond shell active carbon. As seen in
Figs. 6 and 7, according to analyzing adsorption char-
acteristics of activated carbons from the OPAC, it was
found that it had the characteristics of type I adsorption
isotherm. On the other hand, ASAC shows a combina-
tion of type I and IV isotherm curves. This is indicating
the existence of micropores and mesopores in the ASAC
structure, also the N, adsorbed increased sharply when
the value of P/P, was low the nit increases gradually
as the pressure increases. The specific surface area of
ASAC activated carbon and OPAC activated carbon are
1147m?/g and 174.4m?/g, respectively. The total pore
volume for pores with Diameter less than 291.13 nm at
P/P =0.993378 was 0.8330 cc/g for ASAC and the total
pore volume for pores with diameter less than 251.69 nm
at P/P = 0.992329 was 0.02765 cc/g for OPAC. Accord-
ing to t-plot method, the external surface area is 375.1
m2/g and micropore surface area is 771.5 m?/g for ASAC,
meanwhile the external surface area is 20.53 m?/g and
micropore surface area is 153.9 m?/g for OPAC. The pore
size of ASAC and OPAC was mainly in the 2-4 nm range.
Therefore, the structure of ASAC and OPAC was a combi-
nation of meso- and micro-pores with a larger proportion
of mesopores [40].
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3.2. Effect of adsorbent dose

The adsorbent dose is one of the important parameters
of adsorption. It can be seen that the adsorption increases
with the increase in the amount of the adsorbents. This can
be explained by a greater availability of the exchangeable
sites or surface area at a higher amount of the adsorbent.
The adsorption percentage increases from the doses of 0.1-1
g/100 ml for OPAC and from 0.1 to 0.5 g/100 ml for ASAC.
Fig. 8 shows the effect of adsorbent dose of OP and AS on
the removal of acetamiprid. The optimum masses are 1 g
for OPAC and 0.5 g for ASAC. The increase in adsorption
capacity is probably because of the creation of some new
active sites on the surface of adsorption [41].

3.3. Effect of initial concentration

The effect of initial acetamiprid concentration in the
solution on the rate of adsorption onto two adsorbents
(OPAC and ASAC) was studied. The experiments were car-
ried out at fixed adsorbent dose (1 g for OPAC and 0.5 g
for ASAC /100 mL) in the solution, temperature (25 + 2°C)
and at different initial concentrations of acetamiprid (100,
200, 300, 400, 500, 600, 700 and 800 mg L™). The wide range
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Fig. 8. Effect of different mass on removal of acetamiprid using
OPAC and ASAC (initial concentration 300 mg L™, adsorbent
dose 0.1-1.5 g/100 ml at room temperature).
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of initial concentration of acetamiprid was used to observe
the adsorption performance of acetamiprid onto two adsor-
bents. The results are given in Fig. 9 indicating that equi-
librium adsorption capacity increases with an increase in
initial concentration of acetamiprid. This reveals an increase
in equilibrium adsorption capacity from 9.945 to 79.528 and
19.867 to 158.822 mg g™ with increasing initial acetamiprid
concentrations from 100 to 800 mg L™ for OPAC and ASAC,
respectively. This is probably due to the increase in the driv-
ing force of the concentration gradient. The initial acetami-
prid concentration provides an important driving force to
overcome all the mass transfer resistance between the solu-
tion and the solid phases.

180 =
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Fig. 9. Effect of initial concentration of acetamiprid (100-800 mg
L) by OPAC and ASAC.
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3.4. Effect of contact time

The rate at which adsorption takes place is of most
important when designing batch adsorption experiments.
Consequently, it is important to establish the time depen-
dence of such systems under various process conditions.
The adsorption experiments were carried out at different
contact time. Fig. 10 shows the effect of contact time on
the adsorption of acetamiprid with an initial concentration
of 300 mg L', adsorbent dose (1 g for OPAC and 0.5 g for
ASAC), temperature (25 + 2°C), normal pH by OPAC and
ASAC at contact time 5-180 min. The pesticide adsorption
rate is high for the first 30 min and finally equilibrium is
established after about 120 min. The rapid pesticide adsorp-
tion at the initial stages of contact time could be attributed
to the abundant availability of active sites on the surface
of adsorbents. Afterwards, with the gradual occupancy of
these sites, the adsorption became less efficient. Further
increase in contact time did not enhance the adsorption,
so, the optimum contact time for the two adsorbent was
selected as 120 min for further experiments.

3.5. Biosorption kinetics

The kinetic data of the adsorption of acetamiprid onto
OPAC and ASAC was evaluated using pseudo-first order
and pseudo-second order kinetic models. The pseudo-first
order model assumes that the rate of change of solute
uptake with time is directly proportional to the difference in
saturation concentration and amount of solid uptake with
time. The pseudo first-order rate equation can be expressed
in a linear form as:

Ky
t
2.303( )
where g, and g, are the amount of acetamiprid adsorbed (mg
g™') per unit mass of the adsorbent at the equilibrium and at
time ¢, respectively, and k, is the rate constant of adsorption
(min™). Values of k, were calculated from the plots of log (g,

log(q, —q;) =10g(q.) - (3)
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Fig. 10. Effect of contact time on the removal of acetamiprid by OPAC and ASAC (acetamiprid 300 mg L™).
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—q,) vs. t. The application of this equation to the data of acet-
amiprid on OPAC and ASAC (data not shown) indicated
the inapplicability of the model.

The pseudo-second order model as developed by Ho
and McKay [42] has the following form:

t_ 1 +l(t) @)

where K, is the rate constant for the pseudo-second
order kinetics (g mg™ min™). A plot of /g, versus time
(t) would yield a line with a slope of 1/4, and an inter-
cept of 1/(k,g?), if the second order model is a suitable
expression. The values of K, and 0.4 are 1.402 and 0.47 g
mg™' ™ for OPAC and ASAC, respectively. The higher
value of K, may be attributed to the amount of adsorbent
mass used (1 g).

The plot of t/q, versus time t shows the pseudo second
order model (Fig. 11). The kinetic model with a higher cor-
relation coefficient R? was selected as the most suitable one
(Table 2). The results show that adsorption kinetics of acet-
amiprid fitted well the pseudo-second-order kinetic model
with a high correlation coefficient R* = 1. Similar results
were also reported for the adsorption of oxamyl pesticides
on different agricultural waste adsorbents [43].

3.6. Biosorption isotherms

The equilibrium isotherms are used to describe the
experimental data. The adsorption isotherm is important
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Fig. 11. Pseudo-second-order kinetic model for the removal of
acetamiprid onto OPAC and ASAC.

Table 2
Kinetic parameters for the removal of acetamiprid by OPAC and
ASAC

Sample Pseudo- second order

K, (g mg™ min™) g, (mg g-1) R?
OPAC 1.402 29.850 1.000
ASAC 0.470 59.523 1.000

from both theoretical and practical point of view. To opti-
mize the design of an adsorption system for the adsorp-
tion of adsorbates, it is important to establish the most
appropriate correlation for the equilibrium curves [44].
The equation parameters of these equilibrium models
often provide some insight into the sorption mechanism,
the surface properties and the affinity of the adsorbent.
Various isotherm equations like those of Langmuir, Fre-
undlich, and Dubinin-Radushkevich (D-R) are the most
frequently used models to describe the experimental data
of adsorption isotherms.

The Langmuir isotherm assumes a surface with homo-
geneous binding sites, equivalent sorption energies, and
no interaction between adsorbed species. Its mathematical
form is written as :

C_ 1 G
9e  Qub  Qu

where g, is the equilibrium metal ion concentration on the
biosorbent (mg/g), b is the Langmuir constant and g, is the
monolayer adsorption capacity. The plot of C /g, versus C, is
employed to generate the intercept value of 1/bg, and slope
of 1/q, (Fig. 12).

One of the essential characteristics of this model can be
expressed in terms of the dimensionless separation factor
for equilibrium parameter, R,, defined as:

(5)

1
1+bC0

(6)

Ry

The value of R, indicates the type of isotherm to be irre-
versible (R, = 0), favourable (0 < R, < 1), linear (R, = 1) or
unfavourable (R, > 1). The value of R, in the present inves-
tigation was found to be 0.136 and 0.08 indicating that the
adsorption acetamiprid onto OPAC and ASAC is favorable.

The Freundlich isotherm is an empirical equation based
on an exponential distribution of adsorption sites and ener-
gies. It is represented as:

log q,=1log Kf+ 1/nlogC, 7)

where k. (L g') and n are Freundlich constants related to
adsorption capacity and adsorption intensity, respectively
(Fig. 13). The intercept K, obtained from the plot of log g,
versus log C, is roughly a measure of the sorption capac-
ity and the slope (1/n) of the sorption intensity (Table 3). It
was indicated by that magnitude of the term (1/7) gives an
indication of the favorability and capacity of the adsorbent/
adsorbate systems [45].

Based on the correlation coefficient (R? shown in
Table 3, the adsorption isotherms of acetamiprid on OPAC
and ASAC can be slightly better described by the Freun-
dlich equation. Similar results have been reported for the
adsorption of phosphate ions by pine cone [46].

Dubinin-Radushkevich (D-R) proposed another equa-
tion used in the analysis of isotherms. D-R model was
applied to estimate the porosity apparent free energy and
the characteristic of adsorption [47]. The D-R isotherm
do not assume a homogeneous surface or constant sorp-
tion potential and it has commonly been applied in the
following form (Eq. (8)) and its linear form can be shown
in Eq. (9):
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Fig. 13. Freudlich isotherm for adsorption of acetamiprid using OPAC and ASAC.

qB = qﬂl exp (_Ksz) (8)

Ing =Ing -B¢€ )
where K is a constant related to the adsorption energy, g,
(mg g) is the amount of pesticide adsorbed per g of adsor-
bent and g, represents the maximum adsorption capacity
of adsorbent, B (mol*]J) is a constant related to adsorption
energy, while € is the Polanyi potential that can be calcu-
lated from Eq. (10):

Table 3

€ =RTln[1+Ci} (10)

e

The values of B and g, can be obtained by plotting In
g, vs. €. The mean free energy of adsorption (E, ] mol™),
defined as the free energy change when one mole of ion is
transferred from infinity in solution to the surface of the
sorbent, is calculated from the K value using the following
relation (Eq. (9)):

Adsorption isotherm parameters for the adsorption of acetamiprid by OPAC and ASAC

Sample Freundlich Langmuir D-R

K, 1/n R? 9,.mgg")  b(Lmg") R? q,(mgg™) E(KJmol) R?
OPAC 17.186 0.873 0.9791 151.515 0.136 0.9241 74.522 0.791 0.9226
ASAC 30.18 0.958 0.9973 370.37 0.08 0.910 143.179 0.845 0.9242
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Fig. 14. Dubinin- Radushkevich isotherm for adsorption of acetamiprid using OPAC and ASAC.

E =1/\28

The calculated values of D-R parameters are given in
Fig. 14 and Table 3. The saturation adsorption capacities
g, obtained using D-R isotherm model for adsorption of
acetamiprid onto OPAC and ASAC are 74.522 and 143.179
mg g'. The values of E were <8 k] mol™, indicating that
the physical adsorption process plays a significant role in
the adsorption of acetamiprid onto OPAC and ASAC. These
E values are in agreement with [48] for the adsorption of
oxamyl onto Egyptian Apricot Stone, and for the adsorp-
tion of dyes by loofa activated carbon [49].

(11)

4. Mechanism of adsorption

The mechanism of the adsorption of acetamiprid
pesticide onto two different activated carbon (Almond
shells and Orange Peels) can be discussed according
to the structure of acetamiprid contains aromatic rings
increases the possibility of such interactions due to delo-
calized = electrons over the ring. Also, the presence of
the branched substituent on the aromatic ring increased
the level of adsorption of pesticide. The similar trend was
observed by [50].

5. Conclusion

The two materials of activated carbons, orange peels
(OPAC) and almond shells (ASAC) were used in this study
as low cost eco-friendly agriculture waste adsorbents have
been prepared.

A promising outcome based on experiments shows
that orange peels and almond shells could be used as an

alternative and low-cost biosorbent for removal of acetami-
prid from aqueous solutions when suitable conditions are
performed. The adsorption process was attained an equi-
librium within 120 min of contact time. Equilibrium and
kinetic studies were made for the adsorption of acetami-
prid from aqueous solutions onto OPAC and ASAC. Dif-
ferent kinetic models are used to fit the experimental data.
The Kinetic studies of the equilibrium data showed that the
pseudo-second order model best describes the adsorption
of acetamiprid onto the OPAC and ASAC adsorbents.
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