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ABSTRACT

In the present study, iron oxide magnetic nanoparticles were synthesized by co-precipitation method.
Iron oxide magnetic nanoparticles were modified with 3-mercaptopropyltrimethoxysilane and
grafted with 2-dimethylacrylamid, allylglycidylether and then coupled with 3-hydroxytyramine.
The characterization of nanoparticles was confirmed by Fourier Transform Infrared spectroscopy,
thermogravimetric analysis, elemental analysis, transmission electron microscopy, scanning elec-
tron microscope, and surface area determination. This was shortly followed by efficient removal of
deltamethrin pesticide in environmental water as a real sample, using a modified nanoadsorbent.
Optimum conditions for the removal of deltamethrin were obtained by examining important vari-
ables such as temperature, contact time, agitation speed and pH. The optimum condition for deltame-
thrin removal is obtained at 20°C with 200 rpm in pH 7 after 45 min. Different models of adsorption
isotherms such as Langmuir, Freundlich and Temkin were studied, and relevant constants were
determined and compared with previous studies. These studies showed that the Langmuir isotherm
model adjusted well to the adsorption data. The optimum adsorption capacity of deltamethrin was
27.5 mg/g. The nanoadsorbent can be reused for 13 cycles of sorption-desorption with only maxi-
mum 17% changes in reducing sorption capacity. The practicality of the procedure is its usefulness
in the removal of deltamethrin pesticide in agricultural wastewater with reasonable efficiency.

Keywords: Iron oxide magnetic nanoparticles; Deltamethrin; Agricultural wastewater; Adsorption
isotherms; 3-hydroxytyramine

1. Introduction

The contamination of water sources by different pollut-
ants, such as agricultural pesticides, is considered as a serious
problem and a threat to human health due to their high tox-
icity [1,2]. Deltamethrin, with chemical formula C,,H,,Br,No,,

*Corresponding author.

is a type of pyrethroid pesticide (Table 1) [3,4]. This pesticide
is one of the main pesticides used all over the world, and its
toxicology was assessed in water and wastewater samples
[5,6]. Deltamethrin is a stable compound with low solubility
in water and is one of the most widely and frequently used
pyrethroids against a broad of insect pests [7]. Its presence
in agricultural water and wastewater is a major concern, as
a result of toxicity to nature and the environment as a whole
[8,9]. The effects of exposure to deltamethrin, like Dichloro-Di-
phenyl-Trichloro-ethane (DDT), and many types of pesticides
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Table 1
Some properties of deltamethrin
Chemical structure Br
BN\ © /©

Chemical formula C,H,;Br,NO,
Molecular mass 505.21
(g/mol)

Density (g/cm?) 15

on humans include, abdominal pain, headache, dizziness,
skin and eye problems, memory disorders, severe neural
disorders, cancer and infertility [10,11]. The special area of its
effect is still unknown, but DDT and deltamethrin are known
to affect the brain, spinal cord and peripheral nervous system
[12,13]. Deltamethrin is widely used in the spraying of fruit
tree, cultivation of wheat, beet and so on, and is extremely
toxic to the aquatic environment, especially fishes [4]. Besides
the inorganic adsorbents used to remove pollution from
aquatic solutions, some recent studies have revealed other
materials with good efficiency and adsorption capacity for the
removal of hazardous substances from wastewater; examples
include hen feathers [14-17], egg shell [18,19], bottom ash,
de-oiled soya [20,21], white rot fungi [22] and fungal biomass
composite [23]. Some recent adsorbents have been improved
for increasing capacity [24].

Today, nanotechnology plays a very important role in
the removal of contaminants from agricultural water and
wastewater [25,26], and this technology is based on syn-
thesis [27,28]. In previous studies, methods applied for the
removal of deltamethrin include oil shale ash (OSA) [29], acid
treated oil shale ash (ATOSA) [30] and membrane processes
[31]. These processes mostly encountered failure and were
accompanied with decreased efficiency. The magnetic sepa-
ration method has been widely used because of its low cost,
simplicity, optimal speed, as well as high efficiency [32,33].
These iron magnetic nanoparticles are widely used to solve
environmental problems (removal of chemical compounds,
pesticides, dyes and gases) due to chemical stability without
creating secondary pollution [34,35]. Among the nanopar-
ticles, iron oxide magnetic nanoparticles are of particular
interest because they are easily separated by an external mag-
netic field and can be used in various fields owing to their
non-toxicity. Also, with the use of surface modification, these
nanoparticles can be functionalized by particular groups to
make them suitable for more attachment to bioactive mole-
cules with various applications [36]. In comparison with usual
micron sized adsorbents, nanomaterials are of high interest
because of their physical and magnetic qualities and nanosize
[37]. The small size of these nanoparticles gives them special
properties together with the expansion of their dispersal and
special surface area, which have important effect on their
adsorption capacity. The magnetic separation method has
become an attractive application, as a result of the laboratory
scale synthesis of super-paramagnetic particles (usually Fe,O,
or Fe,O,), magnetic actions and easy applications [38]. How-
ever, until now, literatures on magnetic separation method

in monitoring pesticide residue research have been uncom-
mon. The surface charge of nanoparticles plays a significant
role in their interaction with other compounds and the envi-
ronment [39,40]. In addition, it is easier to utilize chemical
modification to exchange the chemical characteristics of the
adsorbent’s surface [41]. Thus, the surface modified adsor-
bents can have larger attraction to some special substances,
especially pesticides. The novelty and significance of this
study is in the synthesis of efficient magnetic nanosorbents,
for the removal of toxic pesticide from aqueous media. The
co-precipitation method was applied in the synthesis of mag-
netic nanoadsorbents. Then, this nanoparticle was grafted by
polymer containing 2-dimethylacrylamide and 3-hydroxytyr-
aminium chloride as a ligand for maximum interaction with
deltamethrin. This magnetic nanosorbent can be easily sepa-
rated from aqueous media by magnetic field and also has an
excellent sorption capacity for deltamethrin as a case study.

The purpose of this study is to estimate the adsorption
potential of the polymer containing 3-hydroxytyraminium
chloride grafted magnetic nanoparticles (PCH-MNP) for
deltamethrin. The data can be useful in forecasting the rate
at which the target particle is removed from aquatic media
in optimum parameters.

2. Materials and methods
2.1. Instruments

Analytical methods for deltamethrin detection focus on a
combinationofhigh-performanceliquid chromatography-UV
detection (HPLC-UV) and ultraviolet-visible spectropho-
tometry (UV/Vis). Chromatographic separations were
performed on an Agilent HPLC, 1200 series, qualified with
a UV /Vis detector. Separations were performed on a Zorbax
Extend C18 column (15 cm, with 3 mm particle size) from the
Agilent Company (Wilmington, DE, USA). The acetonitrile/
water (74/26, v /v, 10% methanol was included in water) was
used as the mobile phase. The detection wavelength was 210
nm with an injection volume of 20 pl. The UV-visible spec-
trum was recorded using the Cary 50 UV /Vis1601 spectro-
photometer (Shimadzu, Japan). The pH measurements were
made with a Metrohm meter, model 744 (Zofingen, Switzer-
land). Fourier Transform Infrared spectroscopy (FI-IR) spec-
tra were reported on a FI-IR spectrometer Jasco/FT-IR-410
using the KBr pellet method (Easton, Maryland). Thermal
gravimetric analysis (TGA) was performed using a TGA-50H
(Shimadzu Corporation, Japan). The samples were charac-
terized with a transmission electron microscope (TEM) mod-
el-EM208 (Philips Company, Amsterdam), scanning electron
microscope (SEM) model EM-3200 (KYKY Company, China),
elemental analysis (Carbon, Hydrogen, Nitrogen, and
Sulphur (CHNS)) model VARRIO El (Linseis Company,
Germany), and surface area determination (Brunauer-Em-
mett-Teller (BET)) model Belsorp-mini II (Shimadzu, Japan).

2.2. Reagents and solutions

The products used were all from Merck (Darmstadt,
Germany) namely: 3-mercptotrimethoxysilane (MTPMS),
nitrate, acetone, ethanol, allylglycidylether (AGE), ammonia,
2, 2’-azoisobutyronitrile (AIBN), 3-hydroxytyraminium chlo-
ride, toluene, NaCl, sodium dihydrogen phosphate, disodium
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hydrogen phosphate, sodium acetate, acetic acid, FeCl,.4H,O,
and FeCL.6H,O. 2-dimethyl acrylamide, technical grade of
deltamethrin (98%), was supplied by Aldrich (Steinheim, Ger-
many). Deltamethrin stored at +4°C, due to the low solubility
of deltamethrin, the first stock solution (500 mg/L) was pre-
pared by dissolving a suitable amount of deltamethrin with
methanol. The secondary solution (50 mg/L) was made by
diluting with distilled water. 0.01 M acetic acid — acetate buf-
fer (pH 3.5-5) and 0.01 M phosphate buffer (pH 6-7.5) were
applied to settle the pH of the solutions, when necessary.

3. Synthesis of iron magnetic nanoparticles in four stages
3.1. First stage — synthesis of iron oxide magnetic nanoparticles

Details of the synthesis of the iron oxide magnetic
nanoparticles have been described elsewhere [42]. The
preparation of iron oxide magnetic nanoparticles was made
possible using chemical co-precipitation [42]. Firstly, into
a three-necked flask containing 100 mL of distilled water
were 2.5 g of FeCL.6H,O and 4 g of FeCl,.4H,O were dis-
solved. A solution containing 8 mL ammonia in 100 mL dis-
tilled water was added to the solution, dropwise [42]. The
solution was kept at a temperature of 80°C for 2 h coupled
with strong stirring under nitrogen atmosphere. The solu-
tion in flask was washed with water and ethanol, and the
resultant precipitate was decanted by external magnet and
dried under vacuum at room temperature for 24 h [42].

3.2. Second stage — surface modification of iron magnetic
nanoparticles by 3-mercaptotrimethoxysilane

For surface modification of iron magnetic nanoparti-
cles, nanoparticles obtained from the first stage (3 g), 50 mL
anhydrous toluene and 2.5 mL MTPMS were refluxed at
110°Cfor 48 h [43]. The resultant precipitate was decanted
by external magnet and washed with 20 mL anhydrous tol-
uene or acetone and dried at room temperature for usage in
the next stage [43].

3.3. Third stage — polymer grafting by allylglycidylether and
2-dimethyl acrylamide

This stage involved the grafting of functionalized
monomer onto the modified magnetic nanoparticles. The
mixture of 10 mL AGE and 2 mL 2-dimethyl acrylamide
as the monomers, 0.1 g AIBN as initiator, 30 mL ethanol as
solvent and 3 g as the modified magnetic nanoparticles were

1

anhydrous toluene 2-dimethyl acrylamide

2 - 3 s
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poured into a two-necked flask and refluxed at 65°C-70°C
for 7 h in a water bath under nitrogen atmosphere [44]. The
solution was washed in flask with distilled water and then
with ethanol, and was decanted using an external magnet.

3.4. Fourth stage — coupling by 3-Hydroxytyraminium chloride

In the final stage, coupling of 3-hydroxytyraminium
chloride onto the grafted and modified magnetic nanopar-
ticles was carried out. 3-hydroxytyraminium chloride (1 g)
was dissolved in 50 mL buffer solution (pH 5), containing
0.1 g NaCl salt, and polymer grafted magnetic nanoparti-
cles were placed on an incubator shaker at 40°C for 48 h.
The solution was decanted using an external magnet and
washed with 50 mL buffer solution (pH 5) and then 50 mL
distilled water, followed by drying at room temperature. In
a schematic form, Fig. 1 shows the synthesis of iron mag-
netic nanoparticles in four stages.

4. Adsorption studies of deltamethrin
4.1. Batch method

The adsorption tests of deltamethrin by PCH-MNP were
studied in aquatic media. In general, 0.05 g of PCH-MNP
adsorbent was taken into a beaker and mixed with 10 mL of
working solution for 45 min at pH 7. The magnetic nanoad-
sorbents were removed using a magnetic field, and the
supernatant was filtered. The concentration of deltamethrin
in the solution was measured at a maximum wavelength of
deltamethrin (250 nm), using UV /Vis spectrophotometer or
HPLC. The volume of adsorbed deltamethrin onto adsor-
bent was calculated with the following equation (Eq. (1)):

q,=(C,-C)V/W 1)

where C and C, (mg/L) are initial and equilibrium concen-
trations of deltamethrin; V (L) is the amount of the deltame-
thrin solution and W (g) is the mass of PCH-MNP used.

5. Results and discussion
5.1. The characterization of modified magnetic nanoparticles

Different techniques including FT-IR, CHNS, TGA,
TEM, SEM, and BET were used to characterize the PCH-
MNP, all of which confirmed the synthesis and modification
of the nanoadsorbent.

4
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Fig. 1. Schematic presentation of four stages of iron magnetic nanoparticles synthesis.
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5.1.1. FT-IR spectrum

The FT-IR spectrums of magnetic nanoparticles, before
and after modification, were compared. The peaks at
3,157.86 cm™ (O-H) and 567.93 cm™ (Fe-O) are for synthesis of
iron oxide magnetic nanoparticles. There exist an additional
band for the modification of iron magnetic nanoparticles by
MTPMS, which is shown by the peaks at 2,922.74 cm™ (C-H)
and 1,099.33 cm™ (SiO). Additional bands in the stage of
polymer grafting by AGE and 2-dimethyl acrylamide, with
peaks at 2,928.23 cm™ (aliphatic C-H), 1,669.21 cm™ (C=0),
1,454.28 cm™ (CH,) and 1,097.68 cm™ (SiO and CO) are shown
in this stage. The additional peaks at 3,212.93 cm™ (aromatic
C-H), 2,930.71 cm™ (aliphatic C-H) and 1,095.26 cm™ (SiO and
CO) were related for coupling by 3-hydroxytyraminium chlo-
ride and confirmed the success of the synthesis.

5.1.2. Thermal gravimetric analysis

The TGA of PCH-MNP displayed two-step weight loss
of up to 600°C. The weight loss of up to 120°C was due
to the adsorbed water molecules on the PCH-MNP. The
major weight loss from 200°C to 550°C was as a result of
the decomposition and desorption of the grafted polymer
moiety. These results confirmed the successful polymeric
modification of magnetic nanoparticles.

5.1.3. Elemental analysis

The modification was also confirmed by elemental anal-
ysis. The CHNS analysis was used to determine the mass
percentages of carbon, hydrogen, nitrogen and sulfur of
the molecular weights of PCH-MNP. The following results
were found C, 15.43%; H, 2.76%; S, 1.33%; N, 4.31%, which
confirmed the formation of the polymer.

5.1.4. Scanning electron microscopy and transmission
electron microscopy

The morphology of PCH-MNP were analyzed by TEM and
SEM. Figs. 2(a) and (b) displays spherical agglomerated parti-

26 KV

Fig. 2. (a) TEM and (b) SEM images of PCH-MNP.

cles with an average diameter fewer than 100 nm (30-80 nm)
and the surface of PCH-MNP, which was not smooth.

5.1.5. Surface area determination

The BET equation is applicable for surface area analysis
of nonporous materials. Accurate measurement of surface
area and porosity of nanoadsorbents was done by analy-
sis of nitrogen adsorption and desorption. The total surface
area of the PCH-MNP was measured by the BET method
with a resultant calculated value for the specific surface
area of about 239 m?/g.

5.2. Adsorption quality of modified magnetic nanoparticles for
deltamethrin

5.2.1. Effect of pH

The pH of solutions has a significant effect on the prog-
ress of adsorption. In this study, the range of pH investigated
was between 3.5 and 7.5. As shown in Fig. 3, the highest
adsorption capacity was obtained at pH 7. Optimal pH value
at 7 indicated that a neutral pH was ideal for the adsorp-
tion. Fortunately, the agricultural wastewater was used as a
real sample and had a pH around 7, and this demonstrated
that the optimum pH suitable for increased adsorption was
operative in the aquatic environment. This can be demon-
strated by the various solubility of deltamethrin at different
pH values. A pH level below 3 and above 8 was not expected
as a result of the capability for decomposing and dissolving
modified magnetic nanoparticles, respectively. Regardless of
the type of adsorbate and modification, the highest adsorp-
tion of deltamethrin by OSA was achieved at pH 3 [29].

5.2.2. Effect of contact time

Adsorption as a function of contact time for the deltame-
thrin is shown in Fig. 4. It can be seen that an increase in
exposure time resulted in an increase in the amount of del-
tamethrin adsorption. Less than 5 min shaking was required
for 40% sorption; short contact time was ideal for the removal
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Fig. 3. Effect of pH on uptake of deltamethrin (20 mg/L) by

PCH-MNP (0.05 g) at 20°C (results are represented as mean
+SD; n =4).
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Fig. 4. Effect of contact time on the uptake of deltamethrin
(20 mg/L) by PCH-MNP (0.05 g) at pH 7 and 20°C (results are
represented as mean + SD; n = 4).

of deltamethrin from aquatic environment. Adsorption of
deltamethrin from solution by PCH-MNP in 45 min was suf-
ficient and optimum. At an exposure time beyond 45 min, no
significant changes were seen in the amount of deltamethrin
adsorption. This may be due to the filling of adsorbent pores
or difficult access of deltamethrin molecules to active sites on
the surface of the adsorbent. However, quick adsorption of
deltamethrin in early exposure times may be due to the large
surface area of the PCH-MNP adsorbent, which can apply
numerous active sites to deltamethrin molecules. The pro-
file of deltamethrin uptake on this sorbent was considered as
available good active sites in the nanosorbent.

5.2.3. Effect of temperature

The adsorption tests were done at six different tempera-
tures (15°C, 20°C, 25°C, 30°C, 35°C and 40°C) under opti-
mized conditions settled by prior tests, and the conclusions
of these tests are shown in Fig. 5. An increase in tempera-
ture resulted in a decrease in the adsorption capacity due
to the high mobility of the sorbate molecule, deltamethrin.
Good adsorption was recorded at temperatures below 30°C.
The optimum temperature was estimated at 20°C, and this
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Fig. 5. Effect of temperature on the uptake of deltamethrin
(20 mg/L) by PCH-MNP (0.05 g) at pH 7 (results are represented
as mean * SD; n = 4).

is advantageous as a result of the reaction involving the
removal of the deltamethrin by PCH-MNP, which can be per-
formed at room temperature. In some countries, in different
seasons of one year, temperature varies from 15°C to 40°C.
The mean bulk removal for one year is about 97% and is very
suitable for one adsorbent that can adsorb pesticides with
this high efficiency, for this range of temperature variation.

5.2.4. Effect of agitation speed

The effect of different agitator speeds on adsorption of
deltamethrin with PCH-MNP is studied. It is clear that the
rate of adsorption increases as the agitator speed increases.
This effect can be explained by the increased turbulence
and the decrease in boundary layer thickness around the
nanoadsorbent particles, as a result of an increase in the
degree of mixing. It has been discovered that an increase
in the mixing rate increased the adsorption capacity until
a mixing rate of 300 rpm was reached. Beyond this mixing
rate, there was a decrease in adsorption, which implies an
inefficiency in energy consumption.

5.2.5. Stability and reusability of the nanosorbent

Deltamethrin was sorbed and desorbed on 0.1 g of PCH-
MNP several times. It was discovered that the sorption capac-
ity of nanosorbent after 13 cycles of its equilibration with
deltamethrin experienced less than 17% change from 100% to
83%. The result of reusability nanosorbent is studied. Conse-
quently, repeated use of the nanosorbent is possible, and there
was no significant difference between the usage times. The
nanosorbent after loading with samples can be quickly and
easily regenerated with methanol. The sorption capacity of
the nanosorbent stored for more than one year under ambient
conditions has been provided to be practically unchanged.

5.3. Adsorption isotherms

The equilibrium data were correlated by Langmuir,
Freundlich and Temkin equations for deltamethrin adsorp-
tion on PCH-MNP and were used to define and describe
adsorption data.
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Langmuir is a broadly applied adsorption isotherm.
This adsorption isotherm has been applied to estimate
the capacity of a nanosorbent, by discovering the volume
of deltamethrin adsorbed by a gram of PCH-MNP. The
Langmuir equation is as follows (Eq. (2)) [45]:

Ce/qe = (Ce/qmax) * (1/qmax KL) (2)

In Langmuir equation, C, (mg/L) is the equilibrium con-
centration of deltamethrin; g, (mg/g) is the concentration of
deltamethrin on the adsorbent; K, (L/mg) is the Langmuir
constant for adsorption capacity and energy and q__ (mg/g)
is the maximum adsorption capacity, corresponding to the
complete coverage on the surface. Respectively, the data
appropriated well in the Langmuir equation as shown
by the regression coefficient values (Table 2). The level of
desirability or undesirability of adsorption is studied in the
Langmuir equation by calculation of another quantity. The
important characteristics of the Langmuir equation can be
expressed in terms of a dimensionless separation factor,
R,, defined as Eq. (3) [45]:

R, =1/(1+K,.C,) ®)

where C,is the initial deltamethrin concentration (mg/L)
and K is the energy of interaction at the surface. If R, > 11is
undesirable adsorption, R, = 1is linear adsorption; 0 <R, <1
is desirable adsorption and R, = 0 is irreversible adsorption.
Thus, the R, value of 0.27 calculated at optimum pH lies
between 0 and 1, indicating a highly favorable and desirable
adsorption (Table 2).

The Freundlich adsorption was also related to the
adsorption of deltamethrin by PCH-MNP and is given as
follows (Eq. (4)) [46]:

Ing, = anf +1/nInC, 4)

In the Freundlich equation, g, (mg/g) is the amount of
deltamethrin adsorbed per unit weight of the adsorbent; C,
(mg/L) is the equilibrium concentration; Kyis the Freundlich
constant (mg/g) (L/mg)'/"and 1/# is the factor of heteroge-
neity. The Freundlich equation predicts that the deltamethrin
concentration on the adsorbent will increase while there is an
increase in the deltamethrin concentration of the liquid.

The Temkin equation implies a linear decrease of
sorption energy as the grade of completion of the sorption

Table 2
Isotherm parameters obtained using the linear method

Langmuir isotherm model

Gnsx (MB/8) K, (L/mg) R? R,
275 0.26 0.9947 0.27
Freundlich isotherm model

K, (mg/g) (L/mg)"" n R?

490 1.33 0.9806

Temkin isotherm model

A (L/g) B b(J/mol) R

55 4.5006 550.49 0.9503

centers of an adsorbent is increased. The Temkin is usually
related in the following Eq. (5) [46]:

q,=BInA +BInC, 5)

In the Temkin equation, B=RT/band b (J/mol) is the Tem-
kin constant related to the heat of sorption; R (8.314 J/mol.K)
is the gas constant; A (L/g) is the Temkin isotherm equilib-
rium constant of binding and T (293 K) is temperature.

It was observed that the operative of determination of
Langmuir is higher than the other isotherms. According to
the Langmuir isotherm, maximum adsorption capacity at
20°C is equal to 27.5 mg/g. The conclusion states that the
Langmuir isotherm presents the most suitable equilibrium
data for the adsorption of deltamethrin on PCH-MNP.

5.4. Comparison with other methods

Comparison between bare magnetic nanoparticles and
modified magnetic nanoparticles was also examined. Our
results show that the bare and modified magnetic nanopar-
ticles can sorb deltamethrin about 20% and 80%, respec-
tively. As a result, the modification has in fact improved the
sorption of deltamethrin by magnetic nanosorbent.

Various methods were used to study comparative infor-
mation from researchers on the adsorption of deltamethrin.
The sorption capacity of the present sorbent (PCH-MNP) is
superior with a high capacity of 27.5 mg/g, in comparison
with other methods like OSA (10.74 mg/g) [29] and ATOSA
(11.4 mg/g) [30]. This newly developed method has been
successfully applied in the adsorption of deltamethrin in
wastewater samples.

5.5. Application of method

PCH-MNP was applied to determine deltamethrin
pesticide in agricultural wastewater from Damavand agri-
cultural farm, Tehran state, Iran. The pH level of the water
sample was similar to the optimum pH. Adsorption with
PCH-MNP with HPLC was used to determine deltamethrin
in the agricultural wastewater sample. The results indicated
the applicability of the procedure for deltamethrin determi-
nation with good removal (63%) in a sample. Experiments
indicated that the method can be successfully used for deter-
mination, adsorption and removal of deltamethrin pesticide
in samples of wastewater and water from the environment.

The magnetic separation process of PCH-MNP after
deltamethrin adsorption shows a representative separation
process of PCH-MNP from an aqueous solution of deltame-
thrin. It indicated that the dispersion showed fast move-
ment and assembled after 5 min to the applied magnetic
field, suggesting that the PCH-MNP possessed excellent
magnetic responsivity, which was an advantage to their
practical applications.

6. Conclusion

In this research, the ability of PCH-MNP to adsorb
deltamethrin was studied. PCH-MNP was successfully
synthesized and used as adsorbent for the removal of del-
tamethrin. It showed good capability in practical cases and
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was useful in the treatment of agricultural wastewater.
The adsorption of deltamethrin took 45 min and was
found at pH 7, 20°C, and at a concentration using 0.05 g of
PCH-MNP. Good-fitted data were obtained for the Lang-
muir, Freundlich and Temkin adsorption isotherm models.
Best fitting was gained by the Langmuir model, with an
estimated adsorption capacity of 27.5 mg/g. The favora-
bility of the progress was investigated using a separation
factor (0 < R, < 1). Consequently, this type of PCH-MNP
can be presented as simple, high adsorption capacity, good
reusability, high chemical stability and effective adsorbent
for deltamethrin adsorption from aqueous solutions.
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