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Abstract: Chlorpyrifos is the main cause of
environmental harm, so creating a sustainable solution
is crucial. In the present study Syzygium cumini seeds
biochar (BR) and Syzygium cumini seeds biochar loaded
with lanthanum ferrite nanocomposite (BR/LFNC)
were explored for the remediation of chlorpyrifos (CS)
from water. The nanocomposite was characterized by
FESEM and FTIR. Impact of various parameters like
temperature, contact time, pH were optimised for the
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removal of CS. The maximum removal of 80 % and
91% was observed using BR and BR/LFNC at 30 °C at
pH 4.0. Kinetic studies specified the pseudo second
order reaction for the removal of CS from water.
Adsorption isotherm strongly followed the Langmuir
model (R2=0.98).
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INTRODUCTION

The global population is expanding at an accelerated
rate, placing tremendous strain on natural resources.
The need for food has also increased as a result of the
expanding population.

The situation is made worse by the fact that pests
damage roughly 40% of agricultural areas [1],[2].
Modern farming methods and a huge number of
pesticides are utilized globally to meet the rising
demand for agricultural products. By reducing pests,
insects, weeds, along with mites that consume crops,
pesticides, when used properly, have significantly
helped humanity. Chemical fertilisers and weedicides
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are also used in agricultural areas to increase crop
yields.

Chemical spills, washing machines, household use,
and industrial effluents are additional sources of
pesticides in the environment [3],[4]. Additionally,
the dispersed discharge of the drained surplus
agrochemicals contaminates the soil and water bodies
that receive them. Pesticides are the second-largest
chemical found in drinking water [5]. Insecticides or
intermediate compounds are known to be nine of the
twelve most hazardous chemicals in the world [6] .
The ecology is severely harmed by the excessive and
illogical use of pesticides and agrochemicals, which
leads to an ecological imbalance that affects humans.
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The toxicity of non-target chemicals was the cause
of the disease in humans, birds, and aquatic creatures.
Pesticides have both acute and long-term impacts, for
example neurotoxicity, carcinogenesis, and problems
with reproduction. Prolonged exposure to pesticides
in human’s results in severe illnesses [7].

The majority of insecticides and pesticides used in
urban and agricultural contexts contain an active
ingredient  called  chlorpyrifos  (CS), an
organophosphate compound. Concentrate-emulsions,
granules, dusts, wettable powders, and controlled
release polymers are some of the several forms of CS
that are available [8] . Finding a way to reduce CS
levels in the water in which guideline value of
drinking water is 2 pg L™ is necessary to asssure the
accessibility of safe drinking water [9]. A number of
published methods for CS-related aqueous stream
decontamination have been proposed, including
oxidative degradation [10] , photo-catalytic
degradation [11], membrane processes [12] and
adsorption approaches [13]-[15]. Given its simplicity
of usage and less environmental impact compared to
the other techniques, adsorption appears to be a
viable technology [16]-[18].

Several water treatment processes utilize carbon-
based adsorbents, especially activated carbon which
has different levels of adsorption. Activation
procedure, pyrolysis temperature, and source
material all affect the carbon's properties [19].
Activated carbon in distinct adsorption grades is
utilized to remove organic pollutants, heavy metals,
dyes, and phenolic compounds [20]-[23].

Natural biomaterials are pyrolyzed at different
temperatures to create biochar, a carbon-based
sorbent. It has been used in numerous environmental
remediation processes, including the removal of
pesticides and heavy metals. Green adsorbents, a type
of sustainable and renewable adsorbent, are a new
trend for heavy metal, pesticide, and antibiotic
removal [24]-[29]. Biochar has been used for
adsorption as well as the production of ultrafiltration
membranes and microbial fuel cells [30]. Adsorbents
that utilize natural materials have demonstrated
promise in getting rid of CS [31].

The present investigation utilized inexpensive
Syzygium cumini seed biochar along with its
lanthanum ferrite nanocomposite to develop a green
nano-sorbent with a high adsorption capacity,
recycling capability as well as stability for long term
removal of CS from the wastewater.

2. MATERIALS AND METHODS

2.1. Materials

Chlorpyrifos, La (NO3)3.6H,O (Lanthanum nitrate),
Fe (NO3)3.9H,O (iron nitrate), NaOH (sodium
hydroxide) along with HCI (hydrochloric acid) had
been bought from Sigma Aldrich Pvt. Ltd., utilized
with no additional purification. DDW (double
distilled water) had been employed for employed for
producing stock solutions.

2.2. Preparation of biochar

The seeds of Syzygium cumini species found in
Dharamshala of Himachal Pradesh, India, were used
to make biochar (BR). After carefully gathering the
seeds, any adhering contaminants were removed by
washing them in double distilled water. They were
then allowed to dry in the sun for a few days. After
drying, the material was screened and woven into
uniform-sized particles. For two and a half hours, the
produced biomaterial was heated to 600°C in a
muffle furnace without oxygen. Every 20 minutes,
the temperature rose by 50°C.The material
was allowed to cool overnight. The biochar was
chemically activated by soaking it in a 1:1
combination of NaOH (5%) and NaClO (6%). After
that, mixture was then heated for 30 minutes in a
microwave, with temperatures between 60°C and
70°C. After that, the resultant BR was filtered and
repeatedly cleaned with DDW until the pH reached a
neutral level. Finally, to guarantee thorough drying,
the BR was kept for an entire night at temperatures
between 50°C and 60°C in an oven. The intended
biochar (BR), is ready for additional characterisation
and to be use in adsorption investigations.

2.3. Synthesis of biochar fabricated lanthanum ferrite
(BR/LFNC)

To synthesis of BR/LFNC, a Single step chemical
precipitation technique had been employed. 1M La
(NO3)3.6H,0 and 4M Fe (NO3)3.9H,0 solutions had
been prepared utilizing this above method. A
magnetic stirrer was employed to continuously stir
these solutions as they were mixed in 1:1 ratio. 1 gm
BR had been incorporated into metal ion solution
with stirring for one hour. Then the solution was
treated by adding 15 ml of NaOH (3.0 M) dropwise
as well as refluxed for 8hrs utilizing magnetic stirrer
at 70 °C temperature. Following centrifugation, for a
whole night, precipitates had been dried at 60 °C
temperature, while resultant precursor was given the
designation BR/LFNC.
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Scheme 1: The Schematic representation of synthesis of the biochar lanthanum ferrite (BR/LFNC) bio-

nanocomposite
2.4. Instrumentation

The Hitachi-PU 5.0 kV FESEM had been utilized to
examine the surface morphology. A Bruker Optik
GmbH 2014 Tensor Il machine for FTIR examination
in the 4000-400 cm-1 range was employed to analyse
the functional groups. FTIR spectra were captured
utilizing the KBr technique. This procedure involved
vigorously mixing 5-10 mg of material with KBr
pellet. With out any moisture, the proper pressure
(psi) was applied to form a disk.

2.5. Adsorption experiment

Batch adsorption method was used to observe the
ability of BR and BR/LFNC for the adsorption of
chlorpyrifos (CS) in aqueous solution. Utilizing 250
mL Erlenmeyer flasks, a fixed quantity of dry
adsorbent had been added to 100 mL CS solution in
a series of batch tests. The CS solution's Initial
concentration varied from 10 - 60 mg/L. For a
predetermined amount of time, the mixture was
stirred at 120rpm in a rotary shaker. For adsorbent
extraction from aqueous phase, flasks had been taken
out from shaker as well as centrifuged for 8mins at
6500rpm. Residual concentration of chlorpyrifos had
been identified from the filtrate using UV-Visible
spectroscopy at 290 nm. The equilibrium study had
been executed through by optimizing various
parameters for example adsorbent dosage (10-60
mg/L), initial CS concentration (10-60 mg/L, Ph (2.0-
12.0), contact time (10-60 min) and temperature.
Equation (1) was applied to determine the removal
efficiency Y (%):

Y (%) = =2 x 100 (1)

Where, Cy and C. are the initial and is final
concentration of CS.

2.6. Kinetics study

Adsorption is a time-dependent process that is
important for estimating an adsorbent's effectiveness.
Therefore, the following section discusses the
applicability of pseudo-first-order and pseudo-
second-order:

2.6.1. Pseudo-first-order model

In this model, adsorbate molecule mass transfer from
from the aqueous phase to sorption sites is the basis.
The expression for this model [32]:

k1
Log (qe-qr) = log ge- -t (2)

Here, k; specifies the rate constant (h™"), qc , q: show
quantity of adsorbate adsorbed (in mg g!) at the
equilibrium along with time t (in
minute),correspondingly. Slope and intercept of a
linear plot of log (qe-q)) vs. t were utilized for
determining value of rate constants (ki) and qe,
correspondingly

2.6.2. Pseudo-second-order model

This model and equation below may be utilized to
explain the adsorption kinetics [33]:

w ma @) Q

Here, ks signifies second-order constant (represented
in g mg™! min™"). Values of k; and q. (mg g™!) can be
computed utilizing the plot of t/qe versus t.

2.7. Adsorption Isotherms

2.7.1. Langmuir adsorption isotherm model

The Langmuir isotherm indicates, the adsorbate
forms a monolayer and that the adsorption is
homogenous. This model's linearised version can be
shown as follows [34]:

e te @

Cq k1Qm Qm
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Here kL (L/mg) stands for Langmuir constant while
Qm (mg/g) stands for adsorbent's maximal
monolayer capacity. Slope and intercept of a plot of
Ce versus Ce/qe, correspondingly, may be utilized to
predict values of Qm and kL. Viability of the
adsorption process at various starting concentrations
has been investigated using the dimensionless factor
(RL). The subsequent equation was utilized to

calculate the RL values:
1

 THaco) )
Here, Co (mg/L) signify initial concentrations of
adsorbate species.

R

2.7.2. Freundlich adsorption isotherm model

Based on the heterogencous surface of adsorbent’s
multilayer  properties, the Freundlich model
explained the connection between equilibrium
adsorbate along with adsorbent capacity. This
model's logarithmic equation can be written as
follows [35]:

Inge = Inks + - (InCo) (©6)

Here Ce (mg/L) stands for equilibrium
concentrations of the adsorbates in the solution
whereas qe (mg/g) stands quantity of adsorbate
adsorbed per unit mass of adsorbent at equilibrium.
Adsorption capacity Along with intensity is indicated
by the Freundlich constants Kf (L/g) and n,

".‘ <
2 '-‘

&2 S
A&@—_PU 5.0kV 7:9mm x18.0k SE(U?J

correspondingly. Slope and intercept of a plot of Inqe
vs. InCe have been utilized to calculate the values of
the Kf and 1/n.

2.7.3. Temkin adsorption isotherm model

It clarifies both the sorption energy and the indirect
interaction among the adsorbent and the adsorbate.
The following is an explanation of the Tempkin
equation [36]:

Q. =Bln (k1) + BIn (C;)  (7)

Here, kT , B denotes the Tempkin coefficients,
determined from the plot of ge against In Ce.

3. RESULTS AND DISCUSSION

3.1. Characterization

3.3.1. FESEM

It is an important analysis to investigate whether the
contaminant got adsorbed or not by the BR and
BR/LFNC. It is also used to understand the
distribution of molecules, porosity, structure and
morphological characteristics. FESEM images of BR
and BR/LFNC before and after adsorption of CS are
shown in Fig. 1(a-d). BR has uniform and smooth
surface. BR/LFNC shows high degree of porosity.
Such structure is responsible for enhanced adsorption
of CS in BR/LFNC.

x50, 00 XV LED

Figurel- FESEM micrographs (a)BR (b) BR loaded CS (c)BR/LFNC (d) BR/LFNC loaded C
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While examining pre-adsorption and post-adsorption
images, several deposition patterns can be identified
indicated that CS was deposited on the biochar after
adsorption tests. Images additionally demonstrate
that throughout the adsorption process, pores become
covered. Comparable explanations are discussed
BR/LFNC adsorbent surfaces. The figures clearly
depict the complete adsorption of CS. CS is
uniformly adsorbed on the surface of BR and
BR/LFNC. The active sites are covered with the CS.

3.1.2. FTIR Study

FTIR had been utilized to detect the different
functional groups on t BR and BR/ LFNC’s surface.
This examination is crucial for comprehending the
alterations in the chemical structure of materials
found in the sample, including organic, inorganic,
and polymeric compounds. Infrared light within the
400-4000 cm! range is utilised to evaluate the
material. The FTIR of BR and BR/LFNC before and
after CS adsorption is illustrated in Fig. 2 (a-b) in a
clear manner.
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Figure 2- FTIR (a) BR, BR/CS (b) BR/LFNC,
BR/LFNC/CS

The BR FTIR spectra show a peak at 1580 cm! that
is representative of highly conjugated C = C or C=C
of aromatic ring. Peaks at 2389 cm™' imply either
symmetric or asymmetric C-H deformation, whereas
at 2182 cm™! stretching vibration of the C=0 group
is detected. Following CS adsorption, modifications
can be detected in the spectra as a different peak in

which few variations in intensities may be noted,
confirming CS adsorption onto BR. The O-Fe-O
bending vibration may be the reason for the peak in
the BR/LFNC at 580 cm™'. The peak at 783 cm™! and
876 cm' emerged because of La-O bending
vibration. Big peaks that developed at 1620 cm™ and
3119 cm!, correspondingly, are caused by H-O-H
bending vibration along with -OH stretching
vibration [37],[38]. The signal at 1580 cm™' and 3761
cm!' shifts to 1127 cm?! and 2929 cm’!,
correspondingly, following the adsorption of CS on
BR adsorbent. There is a shift in the signals at 2182
cm, 2389 cm! to 2365 cm! and 2853 cm’,
correspondingly. Peaks at 580 cm, 783 c¢m’!, 876
cm’!, and 1302 cm! in BR/LFNC have been
displaced to 669 cm™!, 1120 cm™!, 1131 cm’!, 1382 cm
!, correspondingly. Peak, which was at 1620 cm’!, is
now at 1595 cm!. The interaction of CS with BR and
BR/LFNC surfaces is suggested for the shifting of the
adsorption peaks.

3.2. Optimization of different parameters

3.2.1. Effect of initial concentration of adsorbate
Investigations on differences in the starting
concentration of CS, which ranged from 20 ppm to
60 ppm, were conducted in phases. At 20 ppm, the
greatest elimination percentage was noted. Fig. 3(a)
clearly shows the percentage of adsorption decreases
from 66% to 52% and from 78% to 60%, by using
BR and BR/LFNC respectively. This is because the
active sites' surface area was saturated, which led to
a drop in the removal percentage. In comparison to
its BR/LFNC, BR displayed a lower removal %. This
can be attributed to BR having fewer active sites than
BR/LFNC [39].

3.2.2. Effect of pH

With 0.2 g of biochar, the effects of pH on a 20 ppm
CP solution were studied. Here, 0.1M concentrations
of NaOH along with HCI had been utilized to change
solution’s pH between 2 and 10. It is clear from Fig.
3(b) at pH 4.0, the maximum amount of CS 71% and
80% was removed from BR and BR/LFNC
respectively. Following that, the adsorption
decreases. Since the adsorbent's surface has been
charged positively and CS is present in anionic form,
there is a substantial electrostatic attraction between
them at pH values below 4.5, which is the adsorbent's
point of zero charge (BR/LFNC). Adsorbent's
surface acquires negatively charged above this pH,
and at higher pH values, there is interionic repulsive
action with the OH ion [40]-[42].
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Figure 3- Optimised parameters (a) effect of initial adsorbate concentration (b) effect of pH (c) effect of

agitation time (d) effect of Temperature

3.3.3. Effect of contact time

CS solution’s maximal adsorption capacity had been
shown to rise for up to 60 minutes on 0.2 g biochar in
20 ppm synthetic CS solution Fig. 3(c). This suggests
that maximum adsorption can be attained in 60
minutes after which the biochar reaches its saturation
point. This is due to its improved surface covering. It
was discovered that, up to 77 % of the CS on BR was
eliminated. It was concluded that 60 minute was the
maximum elimination time. Similarly, 85 % of CS
was adsorbed by BR/LFNC in 60 minutes [43].

3.3.4. Effect of temperature

Temperature had been adjusted for a 20 ppm CS
solution with 0.2 g of biochar and shaken for 60
minutes, between 20 to 40 °C (every 5 °C). Fig. 3(d)
demonstrates that maximum adsorption was achieved
at 30 °C i.e. 80 % and 91 % by employing BR and
BR/LFNC adsorbents respectively. The activation
and widening of the porous structure of the adsorbent
surface were the cause of the enhanced adsorption
[44,45].

3.4. I1sotherm and kinetic study

Furthermore, the Langmuir, Freundlich, alongwith
Tempkin models are 3 renowned isotherm models,
that have been employed to examine the adsorption
nature as well as mechanism of adsorbents (BR,
BR/LFNC). Fig. 4 (a-c) displays the linear fitting
plots for the experimental data following their fitting.
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Figure 4 - Isotherm model (a) Langmuir (b)
Freundlich (c) Tempkin
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As per the Langmuir model, the Freundlich, Tempkin
isotherm does not offer a linear match. Isotherm
model's highest correlation coefficient (R?) has been
given precedence. The model's utility is further
demonstrated by the lower regression coefficient (R?)
value of Freundlich (R?= 0.93), Tempkin model (R?>=
0.76). Langmuir model was shown as appropriate for
understanding CS’s adsorption behaviour onto an
adsorbent due to its higher R? value (0.94), (0.98) for
BR and BR/LFNC correspondingly. The Langmuir
model provided an explanation of the adsorption
mechanism, demonstrated that CS molecules sorb
onto adsorbent molecules in a monolayer and
advantageously.

Kinetic parameters for the CS’s adsorption from
adsorption from aqueous phase had been thoroughly
examined. To analyse the kinetic experimental data,
the pseudo-first-order along with pseudo-second-
order model had been used as Fig. 5(a-b) illustrated.
kinetics model’s applicability was evaluated utilizing
a variety of fitting graphs. The Kkinetics of CS
adsorption onto BR and BR/LFNC were sufficiently
elucidated through  a pseudo-second-order with
higher regression coefficient values (R? = 0.98). As a
result, the chemical mechanism mostly governed the
adsorption process.

a 06
0.44
'E} 0.2
g
o
o
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Figure 5- Kinetic model (a) pseudo first order model (b) pseudo second order model

3.5. Recyclability and stability

Renewable and reusability of adsorbent was shown to
be important factor. As seen in Fig.6 BR and
BR/LFNC were examined for the reuse test. Despite
this, there was no discernible decrease in activity
after five cycles, indicating the stability of the
adsorbent. In order to assess the adsorbent's
durability, reusability tests were carried out for a
maximum of five consecutive cycles. In order to
remove the pesticide molecules that had been
adsorbed, the adsorbent was repeatedly cleaned with
distilled water for each cycle. It was then dried at 75
°C for future usage. After five cycles of usage
adsorption capacity of BR was 78.34 % and that of
BR/LFNC was 93.12%.

BR

M BRILFNC

—

o
o
Adsorptio o

Figure 6- Recycle study of chlorpyrifos adsorption
CONCLUSION

The current study used Syzygium cumini biochar
(BR) and its lanthanum ferrite nanocomposite
(BR/LFNC) to study CS’s adsorption from the
aqueous phase. Chemical compositions as well as
surface features of BR, BR/LFNC were investigated
using FTIR and FESEM equipment techniques. The
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solution’s pH had a substantial impact on the
adsorption behaviour of adsorbate molecules. At pH
4.0, the greatest amount of CS adsorption was
observed. Equilibrium sorption of the adsorbates onto
BR, BR/LFNC was accurately described by
Langmuir model with higher R? values of 0.94 and
0.98. Chlorpyrifos (CS) has been endothermically
and spontaneously extracted from the aqueous phase,
according to the thermodynamic analysis. However,
even after five cycles, desorption tests showed that
(CS) might be effectively eliminated from adsorbent
surfaces as well as possess a greater adsorption
uptake (%). It has been discovered that the BR/LFNC
nano-composite is superior in terms of increased
stability,  adsorption  capacity and
Consequently, the current research reveals a unique
adsorbent that is both environmentally safe and
promising for the removal of chlorpyrifos (CS) from
water systems. Additionally, the present research will
encourage the lanthanum-based nanocomposites
creation from several agricultural waste, that have
larger surface area and can be wused for
transdisciplinary environmental remediation.

reuse.
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