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ABSTRACT

A novel biosorbent/nanocomposite was prepared from the turnip peel precursors and zinc oxide.
The turnip peels biomass zinc oxide nanocomposite (TPZnOnc) was used for the remediation of
metribuzin (MEB) pesticide from aqueous solution. The prepared nanocomposite was character-
ized using scanning electron microscopy, X-ray diffraction and Fourier-transform infrared spectros-
copy techniques. The point of zero charge (pH_, ) of TPZnOnc was determined using mass titration
method. Batch sorption approach was utilized to study the sorption capability of MEB molecules
from aqueous media. The removal of MEB from solution by TPZnOnc was studied as a function of
time, initial concentration of MEB, pH and adsorbent dosage. The optimum pH for the removal of
MEB was found to be 3 whereas the optimum dosage of TPZnOnc to be utilized was 600 mg/30 mL.
The surface saturation of TPZnOnc with MEB molecules occurred in 1 h (equilibration time). The
maximum sorption of MEB molecules occurs at initial concentration of 80 mg-L™. Out of the utilized
kinetics models, pseudo-second-order kinetic model fitted the data well with high regression con-
stant value. Various isotherm models were applied to the sorption isotherm data. Langmuir adsorp-
tion isotherm model was found to be the best one to fit the data well with high regression constant
value whereas the maximum sorption capacity (X ) calculated was 19.20 mg-g'. Various thermo-
dynamic parameters were calculated from Van’t Hoff plot. Negative values of AG° shows that the
process of sorption is spontaneous. The value of AG® lies in the range of -75 to —400 kJ-mol™ suggest
that the removal of MEB molecules on the surface of TPZnOnc is chemical process. Negative value
of AH® (-82.56 k]'mol™) confirmed that the removal process of MEB molecules onto the surface of
TPZnOnc is exothermic whereas the negative value of AS° confirmed that the randomness decreases

at the solid-liquid interface during sorption MEB molecules on the surface of TPZnOnc.
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1. Introduction

Fruits and vegetables are the commodities in human diet
that are consumed on large scale. They contain significant
amounts of dietary fiber, minerals, and vitamins etc. With
the increasing human population there is need to get more
production per land unit. Fertilizers and pesticides are uti-
lized worldwide to increase crops production and exclusion
of pests, to shield fruits and vegetables from variety of dis-
eases [1,2]. Nevertheless, pesticides have a large number of
benefits for fruits and vegetables but still they are considered
as fatal chemicals. As the pesticides are largely used inad-
equately and haphazardly, therefore they are considered
as environmental hazards. The uncontrolled usage of pes-
ticides may end up in extensive discharge to the environ-
ment. They not only disturb the human health but likewise
disturb the biomes as well [3].

Triazinone is a class of herbicide used worldwide for
herbs control. Metribuzin (MEB) belong to this class of her-
bicide. Its chemical name is 4-amino-6-tertiary-butyl-4,5-
dihydro-3-methylthio-1,2,4-triazin-5-one (Fig. 1). MEB is
commonly utilized as the pre- and post-emergent treatment
of unwanted grasses. They are also used for the control of
broadleaved wildflowers in diverse crops such as toma-
toes, soya beans, sugarcane, barley, potatoes, maize and
alfalfa [4]. MEB is highly soluble in water, its solubility is
1,000-1,100 mg-L™. Its absorption capability in soil texture
is very low which makes it more hazardous to aquatic envi-
ronment as reported [5-8].

The entry sources of MEB to aquatic environment are:
spraying, leaking and flowing from treated agricultural
land, and unintended expulsion etc. All these sources leads
to contamination of aquatic environment. The presence of
MEB in aquatic environment have an adverse impact on
algae and freshwater aquatic plants. It also disrupts the nor-
mal functioning of aquatic fauna as it disrupts their endo-
crine systems [9]. As a result, the Environmental Protection
Agency of USA has recommenced a precise concentration
as 170-180 pg-L™* of MEB in drinking water [10-12].

Currently, several processes have been employed for
the remediation of pesticides from aquatic media. These
methods are photo-Fenton method [13], membrane sepa-
ration [14], photo degradation in the presence of catalyst
[15], advanced oxidation processes, ozonation and anaero-
bic degradation [15-17]. All these methods have a number
of drawbacks due to which, they are not been comprehen-
sively used for the remediation of pesticides from aquatic
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Fig. 1. Structure of metribuzin.

media. Consequently, scientists are giving more consider-
ation to scrutinize new procedures which are cost-effective,
and environment friendly. In this scenario, biosorption is
one of the most encouraging and substituting procedure.
At the same time its cost-effective nature, efficacy and pro-
duction of little secondary pollutants makes the process
more versatile [18]. In biosorption process waste biomass
of fruits and vegetables are usually employed as they con-
tain a number of functional groups to which the contami-
nant binds from aquatic media which are then disposed
of [19]. Formerly, a large number of biosorbents have been
employed for the remediation of pesticides from aqueous
solutions such as neem peels powder [20], pumpkin seeds
peel powder [21], pea peels [22], cork species [23], coal fly
ash [24], bark [25], straw [26] and activated carbon [27].

Most of the biosorbents have soft nature. They have
the ability to form gel like structure in aquatic media. They
have numerous sorption active spots on their surfaces [28].
It has been recognized to enhance the sorption capacity of
sorbents by various methods. Therefore, attempts have been
made to intensify the sorption capacity of sorbents. But
sorbents obtained from biomass impregnated with metal
oxides have more advantages than unimpregnated biomass
precursors. As biomass impregnated with metal oxide have
comparable surface area and tiny particle size. Moreover,
they give toughness and durability to polymeric ingredients
of biomass precursors [29-32].

Keeping in view the aforementioned of biomass-based
adsorbents, herein an attempt was made to synthesize turnip
(Brassica rapa) peels-zinc oxide nanocomposite (TPZnOnc)
for the remediation of MEB from aqueous solutions. The
biosorption of MEB from aqueous solution was examined
as a function of contact time, initial MEB concentration,
TPZnOnc dosage, and pH to attain optimum experimental
conditions for the uptake of MEB molecules from aqueous
solutions.

2. Material and methods
2.1. Biosorbent

Purple-top white globe turnips of Kalam valley were
collected from the local market in Swat, Pakistan which are
considered to be a rich source of isothiocyanates and glu-
cosinolates. Beside these components’ indoles, phenolic
and flavonoids etc. are also present. The peel of this com-
modity was used as raw biosorbent material.

2.2. Herbicide

Analytical grade metribuzin (herbicide) of 99% purity
was purchased from the Syngenta (Pakistan). The charac-
teristic features of the metribuzin are tabulated in Table 1.
The other chemicals and reagents used in the experimen-
tal work were of analytical grade and were acquired from
local market. Double distilled water was used throughout
the experimental work.

2.3. Preparation of TPZnOnc

In a conical flask 0.75 g of zinc oxide (ZnO), accurately
weighed was dissolved in 10 mL of 65% nitric acid (HNO,)
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Table 1

Kinetics parameters of the sorption of metribuzin onto TPZnOnc

Pseudo-first-order

Pseudo-second-order

Intraparticle diffusion

XExperimental K1 RZ XExperimental
Calculated XCalculaled
9.60 mg-g™* 9.60 mg-g™*
mEs 23 0.9562 mEs
1.15 mg-g™ 10.60 mg-g*

K, R? K, C R?
0.0399 0.9942 1.34 1.51 0.9917
0.0355 ' ' ' '

and 100 mL of 1% acetic acid (CH,COOH) solution mixture.
About 10 g of dried turnip peel powder was added to flask
containing dissolved ZnO and sonicated for 30 min. After
sonication, 1.0 N sodium hydroxide (NaOH) was added
dropwise from a burette to the mixture till the pH of slurry
reached to 10. The flask containing mixture was then kept
in a thermostat at 333 K for 3 h. The pH of the resultant con-
tents was brought to neutral using 1 N HCI and then repeat-
edly washed with distilled water. Finally, the sample was
dried at 323 K in an oven for 1 h. The dried sample was pul-
verized into fine powder and then stored in a sealed glass
bottle. The whole process has been summarized in Fig. 2.

2.4. Characterization of TPZnOnc

The prepared sample was characterized by X-ray diffrac-
tion (XRD), scanning electron microscopy (SEM), Fourier-
transform infrared (FTIR) spectroscopy and mass titration
method for pH_ .

2.5. Biosorption studies

The kinetics of MEB on the surface of TPZnOnc was
studied as a function of time where 0.6 g of TPZnOnc was
added to a glass reagent bottle containing 30 mL aque-
ous solution (20 g-L™!) of MEB. The mixture was stirred for
different intervals of time at 298 K.

About 20 mg-L™ of MEB solution was also stirred with-
out TPZnOnc to notice some sorption of herbicides on the
bottles inside surface or degradation during the equilibra-
tion during shaking. After specified interval of time the
slurry was centrifuged at 2,000 rpm for 10 min. The quan-
tity of MEB was calculated in the supernatant. The extent of
MEB sorbed by the TPZnOnc was calculated from the dif-
ference of initial concentration (Q,) and final concentration
(Qf) in the supernatant.

In the blank (without bio sorbent) no adsorption of
MEB occurs on glass walls of reagent bottles.

During adsorption isotherm studies 30 mL of MEB solu-
tions of different concentration, that is, 30 to 120 mg-L~!
were taken in a series of reagent bottles each containing
600 mg of TPZnOnc. The reagent bottles were shaken at
298 K for 1 h. The slurry was centrifuged at 2,000 rpm for
10 min. The quantity of MEB was calculated in the super-
natant at 294 nm using a double beam UV/Visible spectro-
photometer. The extent of MEB sorbed in each experiment
by the TPZnOnc was calculated from the difference of
initial concentration (Q) and final concentration (Qf) of in
the supernatant.

To check the optimum dose of TPZnOnc for the max-
imum removal of MEB, the amount of TPZnOnc was

varied from 100-1,000 mg in series of bottles containing
30 mg-L™ initial concentration of MEB and stirred for 1 h.

To check the optimum pH for the removal of MEB on
the surface of TPZnOnc, the pH of MEB solution was var-
ied from 3 to 10 whereas pH was adjusted with NaOH and
HClI solutions.

For the determination of various thermodynamic param-
eters 600 mg of TPZnOnc (optimum dose) was added to
30 mL MEB solution in 100 mL glass reagent bottles. All the
reagent bottles were stirred at 298, 313 and 333 K each for
1 h. After separation of TPZnOnc the MEB concentration
in the supernatant was determined using a double beam
UV-Visible spectrophotometer at 294 nm.

2.6. Data analysis

The following equations were used to analyze the sorp-
tion kinetics, sorption isotherm and mechanism of decon-
tamination of MEB molecules present in aqueous solutions
on the surface of TPZnOnc.

X,=(Q-Q)x~ M)

where Q, is the initial concentration of MEB in mg-L™, Qf is
the final concentration of MEB in mg-L™ at time t. X is the
maximum amount of MEB adsorbed in mg-g™ on the sur-
face of TPZnOnc, V is the volume in liter (L) of MEB solution
and W is the amount of TPZnOncin g.

% Removal = M x 100 2)

(Q)

Eq. (2) represents the % removal of MEB molecules
from aquatic solutions.

2.6.1. Kinetic models

Pseudo-first-order kinetics model:
In(X,-X,)=InX, Kt ©)
Pseudo-second-order kinetics model:

et @
X, KX X

e

where X, and X, is the amount of MEB biosorbed on
the surface of TPZnOnc in mg-g™ at time t and at equi-
librium time, respectively. K, is the pseudo-first-order
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(e)

Step-2

10g of dried Turnip Powder
Step-1

0.75 g ZnO + 65% HNO; (10mL)
+1% CH3COOH (100mL)

Turnip Peels Biomass Zinc Oxide
Nanocomposite (TPBZOnc)

=
L/
Step-3 Sonication
L (Sonicated the mixture for 30 minutes)

Step-8 The dried sample was crushed with
mortar/pestle and stored in sealed bottle

Step-5
The mixture was kept in/a thermostat at 333K for 3 hours

Step-7 The rinsed sample was dried
in oven at 50°C for one hour

Step-6 After filtration, rinse the contents of Flask
With 1N HCI and distiled water to attain neutral pH

Fig. 2. (a) Purple-top white globe turnips, (b) turnip peels, (c) dried turnip peels in shade, (d) turnip peels powder and (e) schematic
diagram of turnip peel biomass zinc oxide nanocomposite (TPZnOnc).
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kinetics rate constant in per minute (min™). In Eq. (4) K, is
the pseudo-second-order kinetics rate constant in gram per
milligram per minute (g'mg?-min™).

Intraparticle diffusion model:

X, =Kpt”+C ©)

t

where X, (mg-g™) is the amount of MEB biosorbed at time ¢,
K, is the intraparticle diffusion rate constant in mg-g~-min=?
and C is the thickness of boundary layer in mg-g™.

2.6.2. Isotherm models
2.6.2.1. Langmuir isotherm model

The linearized form of Langmuir isotherm model is
given as:

1 Q,
X X

L m m

< ©

& _
Xe
where X in mg-g™' is the amount of MEB biosorbed at equi-
librium time, Q, in mg-L™" is the equilibrium concentration
of MEB. X in mgg™” is the calculated maximum adsorp-
tion capacity of TPZnOnc and K, in L-g™ is the Langmuir
constant.

2.6.2.2. Freundlich isotherm model

Freundlich isotherm model gives us information about
the heterogeneous system of sorbate—sorbent systems. The
logarithmic form of Freundlich isotherm model is given as:

InX, :anF+1n% (7)
n

where X in mg-g™ is the amount of MEB biosorbed at equi-
librium time, Q, in mg-L™ is the equilibrium concentration
of MEB. K, and n are the Freundlich constants.

2.6.2.3. Jovanovich isotherm model

Jovanovich isotherm model is constructed on the same
statement as of the Langmuir isotherm model, however

this isotherm in addition elucidates the mechanical inter-
actions between sorbent and adsorbate molecules [33].

The linear form of Jovanovich isotherm model is given
as follows [34]:

InX, =InX__ +KQ, (8)

where X is the amount of MEB adsorbed in mg-g™ on the
surface of TPZnOnc, Q, in mg-L™ is the equilibrium concen-
tration of the MEB, X _ in mg-g™ is the maximum adsorp-
tion capacity of TPZnOnc and K] is Jovanovich isotherm
constant.

2.6.3. Adsorption thermodynamic

The Van't Hoff equation was utilized to conclude vari-
ous thermodynamic parameters, that is, AH® and AS® of the
biosorption process [35]. The linearized form of Van't Hoff
equation is given as:

g oAST AH )
R RT

where AS° is standard entropy, AH® is standard enthalpy,
T is the temperature in Kelvin, R is the universal gas con-
stant and K is the distribution constant. The value of K
is obtained from the ratio of the amount adsorbed and
equilibrium concentration (K= X /Q ) [35].

The values of standard free energy (AG°) was calcu-
lated using the following relation:

AG® = AH® — TAS® (10)

3. Results and discussions

Fig. 3 shows the SEM photograph of TPZnOnc with the
presence of numerous cavities and pores on the surface of
biomass as is evident from Fig. 3a. The surface is homo-
geneous and clear with impregnation of ZnO (Fig. 3b)
which have partially filled the cavities and as a result the
surface has become heterogeneous and rougher. The par-
ticle sizes were in the range from 92 to 95 nm. The Figure
shows uniform distribution of ZnO particles on the surface

Fig. 3. Scanning electron microscopy image of (a) biomass and (b) TPZnOnc.
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of turnip biomass (the cloudy surface). The bright sphere
on the surface of TPZnOnc may be due to the presence of
moisture.

Fig. 4 shows the XRD diffractogram pattern of TPZnOnc.
XRD technique gives us information about the crystallinity
or amorphous nature of a sample. The XRD diffractogram
of TPZnOnc confirm the crystallinity of nanocomposite.
There are sharp and distinctive peaks with narrow width
at 20°. The values of diffractogram at 20° are at 29°, 37.3°,
46°, 48.4° and 67° matches with crystallographic planes of
95, 100, 101, 103 and 200 repectively. All these indices planes
confirms the hexagonal crystalline structure of ZnO. The
size of the particles determined was 85 nm as calculated
from Scherrer equation.

Fig. 5 shows the FTIR spectra of TPZnOnc. There are a
number of considerable peaks which represent the presence
of large number of functional groups. The broader peak in
the range of 3,400-3,370 cm™ corresponds to the interaction
of -OH and -NH, functional group. A peak in the region
of 2,200 cm™ corresponds to —CH stretching. There are two
peaks in the region of 1,400-1,300 cm™ corresponds to C=C
bonds of aromatic rings. The narrow peaks in the region of
1,100-900 cm™ corresponds to —OH alcoholic, -C—O-C- ethe-
real functional groups, -O-H of water molecules sorbed
during formation of nanocomposite and due to hydrogen
bonding. The characteristic peak in the region of 450-440 cm™
matches with Zn-O bond of TPZnOnc.

Fig. 6 illuminates the point of zero charge (pH,,) of
TPZnOnc. For the determination of pH  a mass titration
method was employed. In this method various amount
of TPZnOnc was added to fresh distilled water. The
TPZnOnc + distilled water mixture was stirred for 24 h in a
number of reagent bottles. The resultant pH was noted after
24 h of equilibration. The process was carried out under
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Fig. 4. X-ray diffractogram of TPZnOnc.
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Fig. 5. Fourier-transform infrared spectra of TPZnOnc.

the atmospheric environment of nitrogen gas. The pH
of TPZnOnc was found to be 7.8.

The adsorption kinetics of MEB are shown in Fig. 7a. The
rate of adsorption increases gradually with time which is
very high in initial 30-35 min where about 70%-75% removal
of MEB have occurred. There was no appreciable change
in the biosorption of MEB on the surface of TPZnOnc after
1 h. At this time the surface of TPZnOnc is fully saturated
with molecules of MEB. Therefore, 1-h time was selected
as equilibration time in all proceeding experiments.

Various kinetic models were applied to the sorption
kinetics data of MEB. The results showed that pseudo-sec-
ond-order kinetic model was the best to explain the data.
It is clear from Fig. 7c that the line of second-order kinetic
model is agreeing well with the experimental data than
that of pseudo-first-order kinetic model with the value of
regression (R?) approximately equal to unity. Additionally,
the amount of MEB adsorbed theoretically from pseudo-
second-order kinetic equation was almost equal to the
experimentally determined value (X). Whereas, devia-
tion in case of pseudo-first-order kinetics were observed.
Various constants were obtained from kinetic models that
are tabulated in Table 1.

The intraparticle diffusion model was used to eluci-
date mechanism of adsorption. The data points in the plot
of intraparticle diffusion model shows nearly a linear plot
showing the sorption to be a single step process (diffu-
sion-controlled process). The intraparticle diffusion model
constants are given in Table 1.

The isothermal studies of MEB onto TPZnOnc were per-
formed as a function of initial concentration of MEB where
its concentration was varied from 30 to 120 mg-L™. The
adsorption isotherm plot of MEB is given in Fig. 8a. The plot
shows that the rate of adsorption increases with increase
in initial concentration of MEB up to 80 mg-L™. After this
concentration, no appreciable change was observed in the
removal of MEB from aquatic media. At this concentration
complete saturation of TPZnOnc surface have occurred and
all the active sites on the surface of TPZnOnc are occupied
by MEB molecules.

The adsorption isotherm data was then fed to differ-
ent isotherm models to know the mechanism of sorption.
Different plots of isotherm models are given in Fig. 8b-d
while, various isotherm parameters obtained from the

Final pH

0 2 4 [ 8 10 12
Initial pH

Fig. 6. pH_, plot of TPZnOnc.
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Fig. 7. (a) Adsorption kinetics of metribuzin onto TPZnOnc, (b) pseudo-first-order kinetic model, (c) pseudo-second-order kinetic

model and (d) intraparticle diffusion kinetic model.

slopes and intercepts of these plots are tabulated in
Table 2.

Langmuir adsorption isotherm model was found
best fitted model of isothermal data than Freundlich
and Jovanovich model. The maximum sorption capacity
(X,..) was found approximately equals to the experimen-
tally determined sorption capacity of TPZnOnc. The X__
obtained from Langmuir isotherm model was equal to
19.20 mg-g™'. Furthermore, the value of R? is almost equal
to unity. Also, the value of R, is greater than zero and less
than one (R, = 0.44) it confirms that the biosorption of
MEB onto TPZnOnc is favorable.

Sorbent dose plays an important role in the removal of
pollutant molecules from aqueous media during sorption
processes. Fig. 9 shows the impact of TPZnOnc dose on
the removal of MEB molecule. For this purpose, the initial
dosage of TPZnOnc was varied from 100 to 1,000 mg. It is
from the plot the percent removal of MEB molecules that
there is an increase from 42% (100 mg) to 63% (600 mg) with
increase in sorbent dosage. The rise in percent removal of
MEB molecule with rise in dose of TPZnOnc is due to the

availability of greater number of active sites and larger sur-
face area. It is also clear from the plot that no appreciable
change in percent removal of MEB molecule was observed
above 600 mg dosage. At this dosage complete saturation
of TPZnOnc active sites have occurred. Therefore, 600 mg
TPZnOnc was selected as optimum doses for all the subse-
quent experimental work.

Fig. 10 shows the impact of pH on the remediation of
MEB molecules from aqueous solution. pH of media plays
an important role in the remediation of contaminants from
aquatic media. For this purpose, the initial pH of MEB was
varied from 3 to 10. It is clear from the plot that at pH 3
the percent removal of MEB is 59, while at pH 10, the per-
cent removal of MEB molecules has reduced to 22. It shows
that as pH increases the percent removal of MEB molecules
deceases. Therefore, pH 3 was selected as optimum pH.
At low pH the surface of TPZnOnc became cationic and
attract the anionic sites of MEB molecules due to electro-
static forces of attraction. As a result, the percent removal of
MEB molecules was high (pH < pH_ surface of TPZnOnc
is cationic). The reason for low percent removal of MEB
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Fig. 8. (a) Adsorption isotherm of metribuzin onto TPZnOnc, (b) Langmuir adsorption isotherm, (c) Freundlich adsorption isotherm

and (d) Jovanovich adsorption isotherm.

Table 2
Isotherm parameters of the sorption of metribuzin onto
TPZnOnc

Isotherm Constants R?
K. =0.01

Freundlich F 0.947
1/n=0.35
K, =0.0310 mg-g™

Langmuir X, ..=1920mgg™ 0.99
R, =0.44 dm*mol™

Jovanovich K;=0.0285 0.99

vanovi .
? X =095

molecules on the surface of TPZnOnc is due to the anionic
nature of TPZnOnc. The anionic surface of TPZnOnc repels
the anionic sites of MEB molecules (pH > pH__surface of
TPZnOnc is anionic).

The Van't Hoff graphs (Fig. 11) was obtained by plot-
ting InK vs. 1/T. Different values of distribution coefficient
(K'=X/Q) was obtained from the ratio of MEB molecules
sorbed on the surface of TPZnOnc and equilibrium con-
centration of MEB at different temperatures. The values of
AH® and AS° were obtained from the slope and intercept of
linear plot, respectively using Egs. (9) and (10).

The wvalues of AG° calculated from equation
(AG® = AH® — AS®) for the removal of MEB at different tem-
peratures were negative. Negative value of AG® suggest that
the process of adsorption is spontaneous (-76.21, —75.78 and
-75.36 kJ-mol™ corresponds to 298, 318 and 338 K). These
values suggest that lower temperature is a favorable con-
dition for the decontamination of MEB molecules on the
surface of TPZnOnc. Similarly, the value of AG® also con-
firms the type of adsorption to be a chemical one as values
falling in the range of 0-20 kJ-mol™ indicate are attributed
to physical adsorption processes, while value in the range
of 75-400 kJ-mol™ indicates that the process of adsorption
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is chemical in nature. In our result the value of AG® lie in
the range of 75-400 kJ-mol™” suggest that the removal of
MEB molecules on the surface of TPZnOnc is chemical
adsorption.

Negative value of AH® (-82.56 kJ-mol™”) confirms that
the removal process of MEB molecules is exothermic. While
negative value of AS® confirm that the process of random-
ness decreases at the solid-liquid interface for the removal
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Table 3
Values of different thermodynamic parameters

Temperature AG° AH° AS°
(K) (kJ-mol™) (kJ-mol™) (kJ-mol™)
298 -76.21
318 -75.78 -82.56 -0.02128
338 -75.36

Table 4

Comparison of adsorption capability of TPZnOnc with other
sorbents

Sorbent Adsorption capability References
(mg-g™)

Coconut shell biochar 10.33 [36]

(treated)

Coconut shell biochar 9.66 [36]

(untreated)

Corn cob 4.07 [37]

TPZnOnc 19.20 Current study

of MEB molecules. Various values of thermodynamic
parameters are tabulated in Table 3.

3.1. Comparison with other sorbents

Table 4 shows the comparison of adsorption capabil-
ity of TPZnOnc with other sorbents [36,37]. From the table
it is clear that TPZnOnc is an efficient sorbent to preferably
used in the removal of pesticides/pollutants from aquatic
media.

3.2. Mechanism of MEB sorption on the surface of TPZnOnc

Fig. 12 explain the sorption mechanism of MEB mol-
ecules on to TPZnOnc. Various processes involved in the
sorption process are:

e Complex formation: As TPZnOnc nanocomposite con-
tain Zn metal, while insecticide (MEB) contain electron
donating agents like -NH,, -5-R and -C=0 groups. All
these groups can form a complex with Zn-metal atom/ion.

* Hydrogen bonding: The FTIR spectra of TPZnOnc con-
firm the presence of -NH, group and -OH group. All
these groups form H-bonding with anionic sites like
oxygen, nitrogen and sulphur of MEB molecules.

e FElectrostatic forces of attractions: The electrostatic
forces of attractions are possible between -C=0O, -NH,
and -5-CH, groups of TPZnOnc and different types of
anionic groups on MEB.

* 7-m interaction: m-7t interaction may occur between
pi-electrons of TPZnOnc (as electron donating species)
and the pi-electronic cloud of aromatic ring of MEB
molecule.
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Fig. 12. Mechanism of metribuzin adsorption on the surface of TPZnOnc.
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4. Conclusion

herein an efficient sorbent abbreviated as TPZnOnc
was prepared from biomass precursors of turnip peels. The
prepared nanocomposite was characterized using SEM,
XRD and FTIR techniques. Mass titration method was used
for the determination of pH . The pH_ of TPZnOnc was
found to be 7.8. The prepared nanocomposite was then
utilized for the decontamination of MEB present in solu-
tion. Maximum MEB percent removal occurred at pH 3.
The optimum doze of TPZnOnc was found to be 600 mg.
Different kinetic and isotherm models were employed to
the adsorption kinetics and isotherm data. It was estab-
lished that pseudo-second-order kinetics and Langmuir
adsorption isotherm model were the best one to fitted well
the adsorption kinetics and isotherm data, respectively.
Negative values of AG® at different temperatures showed
that the removal of MEB molecules on TPZnOnc to be a
spontaneous and chemical process. Negative value of AH®
suggested that the process of sorption was an exothermic
process. The negative value of AS°® confirmed the decrease
in randomness at the solid-liquid interface during the pro-
cess. It was concluded from the results that TPZnOnc can
be effectively used as sorbent for the decontamination of
a large number of contaminants from aquatic media.
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