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Abstract A novel stereoselective removal behavior of isomer-
ic endrin and dieldrin pesticides from sample solution is dem-
onstrated using nanocomposite of graphene oxide (GO) and
iron oxide (Fe30,4) magnetic nanoparticles (MNPs). The re-
moval efficiency of endrin and dieldrin was found higher when
GO-MNPs was used as a separating probe than the individual
use of GO and MNPs. The removal efficiency of both the
pesticides was found to be more favorable when the dosage
amount of GO-MNPs was 30 mg for 30-min contact time with
pH 4.0 at room temperature. The good correlation of determi-
nation (R?) with 0.975 and 0.973 values obtained for endrin
and dieldrin, respectively demonstrated a well fitting of
Langmuir adsorption isotherm model. The higher removal per-
centage (86.0%) and higher slope value of Langmuir adsorp-
tion isotherm were estimated for endrin compared to dieldrin
(74.0%). The reason for higher adsorption percentage of endrin
is due to the endo-position of oxygen atom in molecule favors
more interaction of molecules with GO-MNPs compared to the
exo-position of oxygen present in dieldrin. In addition, the
higher value of R* for endrin and dieldrin demonstrated better
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suitability of pseudo-first-order and pseudo-second-order ki-
netic models, respectively. The advantages of the present meth-
od are use of simple UV-vis spectrophotometry for monitoring
and low-cost use of GO-MNPs nanomaterial for the removal of
pesticides from sample solution.

Keywords Graphene oxide and iron oxide magnetic
nanoparticles - Removal - Isomeric pesticides - Endrin -
Dieldrin

Introduction

Recently, nanomaterials are gaining a lot of attention because
of'their varied structural forms, high surface area, optical prop-
erties, and biological and chemical stability (Navale et al.
2015). Graphene is a single layered, two-dimensional carbon
nanostructure with sp® hybridization. In graphene, the carbon
atoms are honeycomb-like crystal lattice and numerous
graphene sheets used in different fields such as storage of
materials (Torrisi et al. 2012), drug delivery (Liu et al.
2013), sensors (Ang et al. 2008), polymer composites
(Kuilla et al. 2010), and nano-electronics (Westervelt 2008).
Graphene oxide (GO) contains different oxygen functional
groups such as hydroxyl, carboxyl, and epoxide. The delocal-
ization of 7t-electron in GO provides structural stability and
property to adsorb the higher concentration of aromatic com-
pounds on its surface. Graphene has limitation to be used as
adsorbent in aqueous solutions because of incomplete solubil-
ity; whereas, GO contains free oxygen groups which are reac-
tive for adsorption and then used for the removal of chemical
substances from aqueous samples (Cao and Li 2014; Zhao
et al. 2011; Saleh et al. 2017a). The addition of Fe3;0,4 mag-
netic nanoparticles (MNPs) to GO provides an extra stability
and avoids the aggregation of single graphene sheet. The use
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of GO-MNPs composite material would be helpful in rapid
separation and preconcentration of chemical substances from
aqueous sample solution by applying an external magnetic
source (Li and Cao 2011; Yang et al. 2010, 2013; Altintig
et al. 2017; Saleh et al. 2017b).

The use of chlorinated pesticides (endrin and dieldrin) in
agriculture will increase the productivity of the crops.
However, the improper handlings of these pesticides pollute
the underground water reservoirs and entering of these haz-
ardous chemical substances in to the human system causes the
health problem. Chlorinated pesticides are having an adverse
effect on the human health due to their bioaccumulation and
toxic action on the nervous systems. The chemical character-
istics of both the pesticides are given in Table S1 and Table S2
(supplementary material). Furthermore, several side effects of
these pesticides such as headache, nausea, vomiting, convul-
sions, and inhibition of neurotransmitter hormone have been
also reported. Therefore, a new material is needed to remove
the contamination of these pesticides from polluted water bod-
ies in order to prevent the risks on the human health (Shrivas
et al. 2016; Shrivas and Wu 2008; Gao et al. 2011).

There are several analytical techniques such gas chroma-
tography (GC) (Krechniak and Foss 1982), high performance
liquid chromatography (HPLC) (Grice et al. 1999), GC-mass
spectrometry (MS) (Rodrigues et al. 2007), and HPLC-MS
(Sinha 2011) have been reported for monitoring the removal
of endrin and dieldrin pesticides from variety of samples.
However, the removal studies through GC, HPLC, GC-MS,
and HPLC-MS involve tedious, time-consuming sample prep-
aration steps and require the use of expensive chemicals and
accessories to run these instruments. UV-vis spectrophotome-
try is found to be simple, rapid, and economic and could be
applied at the sample source for monitoring the removal of
dieldrin and endrin pesticides.

In the present work, we used GO-MNPs as a separating
probe for removal of endrin and dieldrin from aqueous sample
solution using UV-vis. The factors such as pH of sample so-
lution, contact time, and dosage amount of GO-MNPs that
affected the adsorption followed by the removal of pesticides
were investigated. Langmuir adsorption, pseudo-first-order
kinetic, and pseudo-second-order kinetic models were studied
in order to know the selective adsorption of both the pesticides
on the surface of GO-MNPs.

Experimental section

Chemicals and solutions preparations

All chemicals used were of analytical grade. Graphite
(99.5%), sodium nitrate (NaNOs3, 99.5%), sulfuric acid

(HSO4, 98%), potassium permanganate (KMnOy, 99.5%),
ferric chloride (FeCl;.6H,0), and ferrous sulfate

(FeSO,4.7H,0, 99.5%) were purchased from Hi Media Pvt.
Ltd. (Mumbai, India). Hydrogen peroxide (H,O,, 30%) and
ammonia (NH3) (30%) were obtained from S. D. Fine
Chemical (Mumbai, India). Dieldrin (97.07%) and endrin
(99.0%) were purchased from Sigma-Aldrich (MA, USA)
and the structure is given in Fig. S1. The stock standard solu-
tion (100 mg/L) of endrin and dieldrin was prepared by dis-
solving an appropriate amount of the substances in 10 mL of
acetone. The working standard solutions of endrin and diel-
drin (5 mg L") were separately prepared in a 10 mL of de-
ionized water (DW) by appropriate dilution of the stock stan-
dard solution.

Synthesis of GO-MNPs

The nanocomposite of GO-MNPs was prepared by reported
wet chemical method (Li et al. 2012). Graphene oxide (GO)
was prepared by Hummer’s method with slight modification.
Briefly, 1.0 g of graphite, 1.0 g NaNOs, and 40 mL of H,SO,4
were taken in a two-necked round bottom flask and the solu-
tion mixture was stirred in an ice bath for 30 min. Then, 6.0 g
of KMnO,4 was added and the reaction mixture was allowed to
stir for 1 h. After stirring, 80 mL of DW was gradually added
while maintaining the temperature of the solution mixture at
90 °C under constant stirring for 30 min. Afterwards, 150 mL
of DWand 6 mL of H,O, were added slowly, until the color of
the solution changed from black to light brown. The solution
mixture was filtered and the obtained filtrate was repeatedly
washed with DW until the last traces of KMnO,4 were elimi-
nated. The residue was dried in an oven at 60 °C and dark
brown powdered GO was obtained.

GO-MNP was prepared by taking a 0.2 g of GO in round
bottom flask containing 250 mL DW and FeCl;.6H,O (1.86 g)
and FeSO4 7H,0O (0.96 g) were introduced into the round
bottom flask. The temperature of solution mixture was main-
tained to 80 °C and then 0.5 mL of 30% NH; solution was
added to the solution mixture under vigorous stirring. The
solution mixture was cooled and the suspended material was
filtered and repeatedly washed until pH of the washout solu-
tion was found to be neutral. The obtained GO-MNPs were
finally washed with acetone (2-3 times) and put in an oven at
60 °C to evaporate the traces of moisture (Zhang et al. 2015).

Apparatus

The removal of endrin and dieldrin from sample solution was
monitored using UV-vis spectrophotometer (Shimadzu,
Tokyo, Japan) in the range of 200-800 nm. Transmission
electron microscopy (TEM) was used to determine size and
morphology of GO and GO-MNPs. The TEM images of
nanomaterials were taken (200 kV accelerating voltage) by
placing a few drops of colloidal solution of GO and GO-
MNPs on a carbon grid. Energy-dispersive X-ray
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spectroscopy (EDX) connected with scanning electron micro-
scope (SEM) was employed for determination of composition
of MNPs. The functional groups present on the surface of GO
and GO-MNPs were confirmed by measurement with Fourier
transform infrared spectroscopy (FTIR), Type-IRA affinity
(Shimadzu, Japan).

Procedure for removal of endrin and dieldrin using
GO-MNPs

Figure | displays the schematic procure for separation and
monitoring of endrin or dieldrin pesticides from aqueous sam-
ple solution using GO-MNPs as a separating probe. Endrin
and dieldrin were separately taken into a 5-mL glass vial
followed by the addition of nanomaterials (MNPs or GO or
GO-MNPs) and total volume of the sample solution was
maintained to 2 mL with DW. The pH of solution mixture
was maintained to 4.0. After, the solution mixture was shaken
for 30-min contact time on the vortex shaker at room temper-
ature. After, the adsorbed pesticides on the surface of
nanomaterials were separated using an external magnet. The
obtained supernatant sample solution was taken into a sample
cell for monitoring the removal of pesticide using UV-vis
spectrophotometer.

Results and discussion
Characterization of GO and GO-MNPs

The morphology and size of GO and GO-MNPs were deter-
mined with TEM. Figure 2a displays the TEM image of GO
nanosheets showing the presence of number of stacked layers
with wrinkles and folding. Figure 2b shows the TEM image of
GO-MNPs where the two-dimensional GO was decorated

30 min

GO-MNPs

Aqueous sample
containing GO-MNPs

Fig. 1 Schematic diagram showing the removal of pesticides using GO-
MNPs as a separating probe. a Glass vial containing aqueous solution of
pesticide and GO-NMPs and agitated for 30 min at pH 4.0, b glass vial
containing the GO-MNPs adsorbed with pesticide, ¢ adsorbed pesticide
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with FesO4 MNPs. The magnetic property of synthesized
GO-MNPs was important in present work because it would
be helpful in fast separation of target analyte from aqueous
solution by placing a magnet near the glass bottle. Figure 2¢
shows a glass vial containing the homogenous dispersed GO-
MNPs in aqueous solution, with the precipitates settling down
when the external magnet was placed near the bottle.
Figure 2d presents the FTIR spectra of GO and GO-MNPs.
The broad intense peak obtained around 3200 cm ! attributed
to the stretching mode of O—H bond, peak at 1747 cm '
assigned to C=0 stretching vibration mode in carboxyl group,
peak at 1631 cm ' corresponded to presence of C=C bond,
and peak at 1078 cm ! attributed to C—O stretching vibration
from the epoxy group. The strong absorption band at
580 cm ! was related to the presence of Fe—O bond from
Fe;04 MNPs. Therefore, the presence of these functional
groups on the surface of GO and GO-MNPs would be respon-
sible for better adsorption followed by the removal of pesti-
cide from aqueous sample. The composition of MNPs was
determined with EDX technique and the result is shown in
Fig. 2e. The intense peaks of iron and oxygen elements were
obtained in the spectrum confirmed the MNPs (Fe;0,) in the
prepared composite nanomaterial.

Selection of GO-MNPs for the removal of endrin
and dieldrin pesticides

The removal of endrin and dieldrin pesticides from aqueous
sample by GO, MNPs, and GO-MNPs was monitored with
UV-vis spectrophotometer. The absorbance value obtained at
265 nm in UV region was used to monitor the removal of
endrin (Fig. 3a) and dieldrin (Fig. 3b). The decrease in signal
intensity was observed when MNPs, GO, and GO-MNPs
were used as separating probes for removal of both pesticides
at 4.0 pH for 30 min of contact time. The maximum removal

Supernatant
solution

UV-vis

Pesticide adsorbed
on GO-MNPs

on surface of GO-MNPs was separated with external magnet followed by
the supernatant solution was transferred to sample cell, and d UV-vis used
for monitoring the removal pesticide from aqueous solution
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Fig. 2 TEM image of a GO and (a)
b GO-MNPs. ¢ Glass vial

showing the GO-MNPs in the

absence and presence of external

magnetic field. d FTIR spectra of

GO and GO-MNPs. e EDX

spectra of MNPs
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of both pesticides was determined when the GO-MNPs was
used as a separating probe compared to the individual use of
GO and MNPs. The use of GO and MNPs also showed the
separation of both the pesticides through the adsorption pro-
cess. Therefore, GO-MNPs were employed for further remov-
al of endrin and dieldrin pesticides from sample solution.

Optimization for removal of endrin and dieldrin using
GO-MNPs

The parameters such as pH of sample solution, contact time,
and dosage amount of GO-MNPs that affected the removal
efficiency of endrin and dieldrin from sample solution were
studied by measuring the absorbance value at 265 nm in UV-
vis.

The pH of sample solution plays an important role in de-
termining the extent of adsorption of substances on the surface
of NPs. For this, 5 mg L™ of endrin and dieldrin were taken
into different glass vials containing 30 mg of GO-MNPs while
maintaining the pH of sample solution from 2.0 to 12.0 using
0.1 M NaOH and 0.1 M HCL The solution mixture was agi-
tated for 30 min of contact time at room temperature. The
results are given in Fig. 4. The higher removal of efficiency

of both the pesticides was obtained when the pH of sample
solution was kept between 4.0 and 6.0. This is due to the
hydrogen bonding between the oxygen atom of endrin and
dieldrin molecules and carboxylic acid (COOH) and hydroxyl
(OH) groups found on the surface of GO-MNPs (Liu et al.
2012; Mkhoyan et al. 2009; Shrivas et al. 2017; Liang et al.
2009). In acidic condition (< pH 4.0), decrease in removal
efficiency of both the pesticide was observed possibly due to
the dissolving of Fe3;04 NPs which resulted the decrease in
adsorption of pesticides on surface of NPs (Dreyer et al.
2010). In basic conditions (> pH 8.0), the anionic functional
groups on the GO-MNPs did not favor the interaction with
electronegative atoms (Cl and O atoms). Figure 5 shows
mechanism of adsorption process of endrin and dieldrin
through the hydrogen bonding between hydrogen of carbox-
ylic or hydroxyl groups of GO-MNPs and oxygen of pesticide
as well as the 7-7t stacking between pesticide and GO.
Therefore, 4.0 pH of sample solution was used for removal
of both pesticides using GO-MNPs.

The contact time on the removal of pesticides was studied
in the range of 0—30 min with pH of 4.0 at room temperature
(Meral and Metin 2014). The removal efficiency of both the
pesticides was increased (decrease in the absorbance value at
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Fig. 3 UV spectra of a diledrin and b endrin after the separation of the

pesticide with MNPs (30 mg), GO (30 mg), and GO-MNPs (30 mg) when

the experiment was performed with pH 4.0 for 30-min contact time at

room temperature

265 nm) with increasing contact time from 0 to 30 min and
then remained constant. The results are given in Fig. 6a. The
reason for increase in the removal efficiency of both the pes-
ticides up to 30 min was due to the increase in the adsorption
reaction kinetic and then after remained constant due to the
attainment of equilibrium condition for adsorption of analytes
on GO-MNPs. Therefore, the 30 min was selected for further

08
—&—Dieldrin
—&—Endrin
0.6 4
o
o
c
©
2 04
o
»n
2
0.2 4
0 L] L] L) L] L] L]
0 2 4 6 8 10 12 14

pH

Fig. 4 Effect of different pH on the adsorption of endrin and dieldrin
when 30 mg of GO-MNPs used as a separating probe for 30 min at room
temperature
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Diledrin

Y Endrin

Fig. 5 GO-MNPs containing carboxylic acid (COOH) and hydroxyl
(OH) interact with oxygen atom of pesticide (endrin/dieldrin) along
with 7t-7t stacking between pesticide and GO

studies to get the maximum enrichment of both the pesticides
from aqueous sample.

The dosage amounts of nanomaterials also affect the ad-
sorption and removal of target analyte form aqueous samples
(Zhu et al. 2012). Thus, the different dosages of GO-MNPs (0,
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Fig. 6 a Effect of contact time on the adsorption of endrin and dieldrin
when 30 mg of GO-MNPs used as a separating probe with pH 4.0 at room
temperature and b effect of dosage amount of GO-MNPs on removal
percentage (%) of endrin and dieldrin with pH 4.0 for 30-min contact
time at room temperature
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5,10, 15, 20, 25, and 30 mg) were studied for removal of both
the pesticides when the pH of sample solution was 4.0 for 30-
min contact time at room temperature. Fig. 6b and Tables S3
and S4 display the effect of dosage amount of GO-MNPs for
removal percentage of endrin and dieldrin pesticides from
sample solution (formula for removal percentage is given in
supporting information). The removal percentage of endrin
and dieldrin pesticides was found increased with the increasing
the dosage amount up to 30 mg of GO-MNPs and after there
was no further enhancement. The maximum removal efficien-
cy of both the pesticide was found when the dosage amount
was 30 mg and beyond there was no sites available for attach-
ment of target analyte on GO-MNPs. The maximum removal
efficiency of pesticides was obtained when 30 mg of GO-
MNPs used as a separating probe for removal of pesticides.

Langmuir adsorption isotherm of endrin and dieldrin
pesticides

Langmuir adsorption model (formula is given in supporting
information) was studied at different temperatures (at 0 °C,
room temperature (RT) and 80 °C) in order to understand the
adsorption behavior of endrin and dieldrin on the surface of
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© 100
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—=— Room temperature
45 Cold Temperature (°C)
‘-.“ —a— High Temperature (80°C)
O
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0
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0-

5 10 15 20 25 30
Ce(mgL™)
Fig. 7 Langmuir adsorption isotherm of a dieldrin and b endrin at

different temperatures (0 °C, room temperature, 80 °C) when GO-
MNPs used as a separating probe with pH 4.0

GO-MNPs at the optimized conditions (Mittal et al. 2007,
Jabeen et al. 2011). The results are given in Fig. 7a, b and
Tables S5 and S6. Different dosage amount of GO-MNPs (5,
10, 15, 20, 25, and 30 mg) were taken into the different glass
vial containing endrin/dieldrin (5 mg L") with pH 4.0 and the
sample solution was agitated for 30 min of contact time at
different temperatures. The good Langmuir adsorption curve
was obtained for endrin and dieldrin with correlation of deter-
mination (R?) of 0.972 and 0.975, respectively at room tem-
perature. The data obtained were well fitted with Langmuir
adsorption model. In addition, we calculated the slope and
intercept from the same adsorption curve to know the adsorp-
tion capacity of both the pesticides. The values of slope and
intercept were used to find the values of @ and b (given in
supplementary material in the equation) indicating the adsorp-
tion capacity (@) and affinity of binding sites (), respectively.
The adsorption capacity for dieldrin was 1 mg g ' with GO-
MNPs and binding affinity value was 193.66 L g ' with GO-
MNPs. Similarly, the adsorption capacity and binding affinity
for endrin were 99 mg g ' of GO-MNPs and 0.47 L g, re-
spectively. However, the value of ab for dieldrin was
28 mg L' and 2.153 g L™ for endrin. Since, the value of ab
for endrin was greater than 1 showing the adsorption isotherm
was found to be more favorable and this also confirmed with
the experimental results. The stereoselective adsorption

7001 (a) y = 62.007x + 98.841
R2=0.9906 / ]
600 4 /
<
2 5001
£
£
£ 4001
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0 5 10 15 20 25 30
Time, min
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Fig. 8 Kinetic adsorption (a) pseudo-second-order kinetic model of

dieldrin and (b) pseudo-first-order kinetic model of endrin when 30 mg

of GO-MNPs used as a separating probe with pH 4.0 at room temperature
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behavior seemed to be more favorable for endrin compared to
dieldrin. The similar results were also obtained when the ex-
periments were performed at lower temperature (0 °C) and
higher temperature (80 °C) revealing the change in tempera-
ture did not alter the results for adsorption behavior of both
pesticides on the surface of GO-MNPs.

Adsorption kinetics for endrin and dieldrin on the surface
of GO-MNPs

We also studied the pseudo-first-order (Ho et al. 2000) and
pseudo-second-order kinetic models (Ai et al. 2011) as accord-
ing to formula given in supporting information for both the
pesticides to understand the selective adsorption behavior of
pesticides on GO-MNPs (Rahimi et al. 2011). For this, both
the pesticides (5 mg L") were taken into a glass vial containing
30 mg of GO-MNPs with pH 4.0 and the contact time (7) was
varied from 2 to 30 min. The suitability of the model was
evaluated by calculating the correlation of determination (R%)
between the Qt (amount of pesticides adsorbed per unit weight
of adsorbent at certain time) and ¢ (contact time) for pseudo-first
order, and #/Qt and ¢ for pseudo-second-order. The results ob-
tained are given in Figs. 8a, b and Tables S7 and S8. The higher
value of R? (close or equal to 1) demonstrated the better suit-
ability of the model to explain the adsorption kinetics of both
the pesticides on the surface of GO-MNPs. The R* obtained for
dieldrin (0.991) and endrin (0.998) showing pseudo-first order
and pseudo-second order, respectively at same contact time and
experimental conditions. Further, the value of rate constant for
dieldrin was 3.89 mg g ' min~' (pseudo-second order) and for
endrin was 1.55 mg g ' min~' (pseudo-first order). This
showed that the rate of adsorption for dieldrin was found more
than endrin. The difference in adsorption behavior of both the
pesticides is probably due to the difference in their configura-
tions of oxygen entities in their chemical structure resulted in

the different interaction and adsorption behavior on the surface
of GO-MNPs.

Comparison of adsorption capacity of pesticides using
GO-MNPs with other reported method

Table 1 demonstrates the comparison for the adsorption capac-
ity of pesticides using GO-MNPs with different nanomaterials
(Lietal. 2013, Hoan et al. 2016; Chandra et al. 2010; Zhu et al.
2011; Yao et al. 2012; Fan et al. 2012). Higher adsorption
capacity of dieldrin was obtained with GO-MNPs compared
to other nanomaterials used for separation of different chemical
species. However, the lower adsorption capacity was acquired
when GO-MNPs were used as a separating probe for endrin
compared to other chemical species. The reason for obtaining a
higher adsorption capacity for dieldrin is due to the
stereoselective adsorption behavior of pesticide on the surface
of GO-MNPs compared to endrin.

Conclusions

In summary, GO-MNPs were successfully demonstrated for
removal of endrin and dieldrin from sample solution depen-
dent on the pH, contact time, and dosage amount of NPs. The
Langmuir adsorption isotherm study showed the different ad-
sorption of behavior of both pesticides on the surface of GO-
MNPs due to the endo- and exo-position of oxygen atom in
the structure of pesticides. The adsorption process seems to be
directed by 7t-7t stacking as well as hydrogen bonding by
interaction with oxygen entities of pesticides to hydroxyl
groups present on the surface of GO-MNPs. In addition, en-
drin showed a pseudo-first-order kinetic model whereas that
of dieldrin followed the pseudo second order showing the
different adsorption behavior of both the pesticides on the
surface of GO-MNPs due to the endo- and exo- position of

Table 1  Comparison of adsorption capacity of endrin and dieldrin compared with other reported methods

Nanomaterials Adsorption capacity (mg g ") Chemical species Samples References

GO-MNPs/cyclodextrin-chitosan 67.66 Cr(VI) Water Lietal 2013

Reduced GO-MNPs 58.48 As(V) Water Hoan et al. 2016
65.79 Pb(I)
76.34 Ni(II)

Reduced GO-MNPs 12.0 As(1II) Water Chandra et al. 2010
9.0 As(V)

MNPs-cellulose/activated carbon 66.09 Congo red Water Zhu et al. 2011

MNPs-graphene 45.27 Methylene blue Water Yao et al. 2012
33.66 Congo red

GO-MNPs-chitosan 95.16 Methylene blue Water Fan et al. 2012

GO-MNPs 1.0 Dieldrin Water Present study
99.0 Endrin
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endrin and dieldrin, respectively. The results obtained with
present investigation demonstrate the development of low-
cost technology for stereoselective removal of pesticide from
environmental water samples.
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