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Abstract The occurrence of high concentrations of arsenic (As) in water has been
recognized as a global health and environmental problem. Sorption is regarded as
a promising As treatment method due to its simplicity and potential for high effi-
ciency. Canada has a strong agricultural industry that produces waste products that
can be converted to value-added products. Considering the availability of agricultural
residue in Canada, the cost of the sorption process can be decreased by using agricul-
tural residue-based sorbents (biosorbents) as an eco-friendly alternative for commer-
cial sorbents. In this study, sorption of arsenite, As(III), from aqueous solutions
onto Fe oxide-modified canola straw (MCS) was investigated. The results showed
that the negligible As(III) sorption capacity of raw canola straw increased signifi-
cantly to 791 μg/g after modification in the removal of As(III) from a 1000 μg/L
solution. Studying the effect of solution pH showed that As(III) sorption capacity
of MCS increased by increasing the solution pH from 3 to 10. A kinetic study
showed that about 66% of the ultimate sorption capacity was reached within four
hours. The sorption kinetic data was best represented by pseudo-second-order and
Elovich models suggesting that chemisorption may be the rate-determining step of
the sorption process. The isothermal data of As(III) sorption followed Freundlich and
Redlich–Peterson models indicating a hybrid adsorption mechanism with a higher
probability of a multilayer heterogeneous adsorption. Studying the effect of co-
existing anions in the solution upon the As(III) removal efficiency of MCS indicated
a significant antagonistic impact of selenate (SeO4

2−), selenite (SeO3
2−), and phos-

phate (PO4
3−). However, the effect of nitrate (NO3

−) and chloride (Cl−) on As(III)
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removal efficiency was insignificant, indicating that inner-sphere complexation was
the leading mechanism in As(III) sorption.

Keywords Arsenite · Biosorption · Canola straw · Co-existing ions

1 Introduction

Arsenic (As) is a toxic and carcinogenic metalloid and exists ubiquitously in nature.
The World Health Organization (WHO) has acknowledged As contamination as a
“major public health issue” [1]. TheAs poisoning fromdrinking contaminatedwaters
is the main route of As exposure for humans [2] with source natural waters having a
wide range of As concentrations from 0.5 to 5000μg/L [3].WHOguidelines indicate
a maximum As concentration of 10 μg/L in drinking water [4], and it has been
reported that over 200 million people worldwide are exposed to As concentrations
higher than this permissible level [5]. Prolonged exposure to As causes a variety
of potentially lethal health problems by creating risks of different diseases such as
cancer, melanosis, gangrene, hyperkeratosis, enlargement of liver, and black foot
disease [6]. As occurs in four oxidation states [As(V), As(III), As(0), and As(−III)]
in the natural environment and its toxicity andmobility in the environment depends on
its oxidation state [7]. Generally, inorganic As compounds are more toxic compared
to organic arsenics. Among these, arsenite, As(III), is the most toxic and harmful to
human beings due to its higher mobility which also makes it more difficult to remove
from contaminated waters [8].

The common As removal technologies are based on precipitation techniques
followed by a separation system to remove insoluble As-bearing precipitates from
water [9]. However, initial As concentration, target treatment concentration, oxida-
tion state, and regulatory requirements are the key factors in the selection of an
effective As removal method [10]. Therefore, the potential of different technologies
such as filtration, reverse osmosis, membrane separation, and sorption for arsenic
removal has been investigated in recent years [11]. Sorption has gained much atten-
tion among these technologies due to its cost effectiveness and easy operation [12].
The sorption performance of different materials such as activated carbon, resins,
metal oxides, gels, minerals, and biomasses has been investigated for As removal
[11, 13]. However, using many of these materials as As sorbents is not economically
feasible [14]. Therefore, the consideration of using abundantly available ubiquitous
agricultural residues for As sorption is of increasing interest [10]. Biosorption is
a term that describes the removal of contaminants from aqueous solutions using
biomass (e.g., agricultural residues).

Despite the abundance and low cost of agricultural residues, using them for As
biosorption is not effective due to their low sorption capacities [15]. The lowAs sorp-
tion capacities of agricultural residues is due to the lack of appropriate chelating func-
tional groups on their surface to complexwithAs and uptake it fromaqueous solution.
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Therefore, agricultural residues should be modified via deposition of suitable func-
tional groups on their surface to make their sorption performance comparable with
commercially available (but expensive) sorbents [16]. Generally, the biomasses can
be activated by immersion in acid or alkaline solutions or they can be modified by
deposition of modifying agents on their surface [10]. For example, Abid et al. [17]
reported that the As(V) sorption capacity of orange peel biomass increased two times
after treating the biomass with H2SO4 solution, which was attributed to the increased
surface area of the treated biomass. Ebrahimi et al. [18] used NaHCO3 for the treat-
ment of wheat straw biomass. They found that As(V) sorption capacity of biomass
increased from 54 to 108 μg/g after chemical treatment. Roy et al. [12] applied
NaOH treatment on neem tree biomass followed by treatment in an H2SO4 solution
and used the treated biomass for As(III) sorption. The As(III) sorption capacity of
the modified biomass was 31 μg/g.

Although acid or alkali treatment of biomasses can improve their As sorption
capacities, this improvement is limited because these treatments do not incorporate
optimal functional groups for As sorption on the biomass surface [10]. However, Fe
oxides have shown a high affinity for As ions [19], making them a popular agent in
the modification of biomass for As biosorption [15]. For example, Tian et al. [20]
modified wheat straw by deposition of Fe3O4 on straw particles. They reported that
As sorption capacity of the modified biomass increased by increasing the amount of
deposited Fe3O4. They also found that while the straw particles could not sorbAs, the
sorption capacity of Fe3O4/straw composite was higher than Fe3O4 alone. Hao et al.
[21] developed a Fe-coated jute fiber biosorbent using a two-step process. First, the
biomass surface was esterified with C4H4O3 to graft with surface carboxyl groups to
enhance Fe deposition. Then, C4H4O3-treated biomass was modified with Fe(NO3)3
solution to formFe oxyhydroxide on the surface of biomass. They observed anAs(III)
sorption capacity of 12.6 mg/g for the modified biosorbent. Meng et al. [22] reported
that modification of orange peel using a mixed solution of Fe(NO3)3 and Fe(NO3)2
increased the surface area and As(V) sorption capacity of the biomass. However,
As(V) reduced to more toxic As(III) during the sorption process by oxidation of
deposited Fe(II) oxides on the surface to Fe(III) oxides.

Canola is a Canadian invention derived from rapeseed in the 1970s. Currently,
Canada is the biggest global producer and exporter of canola, producing about 20
million tons of canola annually [23, 24]. Saskatchewan is the top province for canola
production, contributing to about 55% of the total production in 2021 [23]. Consid-
ering the canola seeded area of 8.4 million ha in 2021 in Canada [23], and the
average straw yield of 3 dry ton/ha [25], the total canola straw (CS) production can
be estimated as 25.2 million ton/year. Using 60% of the produced CS for soil and
livestock requirements [26], about 10 million ton/year would be available for other
applications such as energy generation, chemical conversion, and production of other
value-added products. Given the abundance of CS in Canada, it can be an appropriate
precursor for the preparation of As biosorbent.
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So far, the performance of chemically modified CS has been studied for the
removal of As(V) fromwater [27], but there has yet to be investigation on its applica-
tion for As(III) sorption. Therefore, this study aims tomodify CS particles by deposi-
tion of Fe oxide using FeCl3 solution and investigate theAs(III) sorption performance
of the modified CS (MCS). Additionally, the effect of co-existing ions, namely sele-
nate (SeO4

2−), selenite (SeO3
2−), phosphate (PO4

3−), nitrate (NO3
−), and chloride

(Cl−), which could interfere with As(III) removal is investigated. Finally, a sorption
mechanism has been proposed for the removal of As(III) by deposited Fe oxides on
the surface of MCS.

2 Materials and Methods

2.1 Arsenic Solution

Arsenic was studied under the trivalent As(III) oxidation state as the more toxic form
of As. As(III) stock solution (1 g/L) was prepared using sodium arsenite (NaAsO2)
that was purchased fromFisher Scientific, USA.All solutionswere prepared by using
ultra-pure water (18.2 M� cm, Direct-Q UV, Millipore, USA). The concentration
of As(III) in the solution was determined using an atomic absorption spectrom-
eter coupled with a continuous flow vapor generator (VGA-AAS; VP100, Thermo
Scientific, USA).

2.2 Biosorbent Preparation

The CS was collected from a local agricultural field in Saskatchewan, washed with
tap water, dried at 60 °C, before being ground, and sieved (400–840 μm). The MCS
was prepared based on the optimized procedure reported by [27]. Briefly, 5 g CS was
immersed in a 0.15 M FeCl3 solution and sonicated for 30 min. Then the iron was
precipitated by dropwise addition of 10 M NaOH solution and adjusting the final
pH to 3 under magnetic stirring. The stirrer was switched off, and the suspension
was allowed to age for a day. Afterward, the created Fe oxide-loaded particles were
filtered, washed using deionized water, dried at 60 °C for 24 h, and used for As(III)
sorption experiments.
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2.3 Biosorbent Characterization

The morphology and structure of the CS and MCS were characterized by field emis-
sion scanning electronmicroscopy (FE-SEM;Hitachi SU8010, Japan). Fourier trans-
form infrared spectroscopy (FTIR) was used to investigate the functional groups of
CS and MCS (Smith’s Detection IlluminatIR FTIR microscope, USA). The crys-
tallinity of the biosorbent was determined by a Rigaku Ultima IV X-Ray Diffrac-
tometer (Rigaku Americas Corp., USA). Brunauer–Emmett–Teller (BET) surface
area of the biosorbent was determined by N2 adsorption using an ASAP 2020
(Micromeritics, USA). The point of zero charge (pHPZC) was determined using the
pH drift method [28]. The Fe content of the MCS was determined using acid diges-
tion followed by atomic absorption spectrometry (AAS, Thermo Scientific iCE 3000
series, USA) to verify the deposition of Fe oxide on the surface of MCS.

2.4 As(III) Sorption Experiments

2.4.1 Sorption Isotherms and Kinetics

Adsorption isotherms were determined in order to study the relation between the
amount of As(III) in solution and the sorbed amount on the MCS. MCS (dosage of
1 g/L) was placed in contact with As(III) solutions with different initial concentra-
tions ranging from 500 to 40,000 μg/L at 25 °C and stirred for 72 h at 200 RPM.
Initial experiments indicated that the 72 h duration was adequate to achieve equilib-
rium. Four sorption isotherm models were used to fit the experimental equilibrium
data of As(III) sorption to MCS, namely the Langmuir, Freundlich, Temkin, and
Redlich–Peterson models. For the sorption kinetics experiments, As(III) sorption
was evaluated as a function of time to determine the influence of contact time on
sorption capacity at an initial As(III) concentration of 2500 μg/L. Four kinetics
models (pseudo-first-order, pseudo-second-order, intra-particle diffusion, Elovich)
were used to investigate the sorption mechanism, characteristic constants, and solid-
phase sorption. The amount of As(III) sorbed per unit mass (qt , mg/g) at any time t
was calculated as (Eq. 1):

qt = C0 − Ct

m
V (1)

whereC0 is the initial concentration of As(III) in the solution (μg/L),Ct is the As(III)
concentration in solution at any time (t) (μg/L), V is the volume of the solution (L),
and m is the mass of the biosorbent (g).
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2.4.2 Effect of pH and Co-existing Ions

In order to study the effect of the initial pH of the solution, the sorption experiments
were conducted at a pH range of 3–10 at an initial As(III) concentration of 2500 μg/
L, constant MCS suspension density of 1 g/L, and a temperature of 25 °C. Initial
solution pH was adjusted by dropwise addition of 0.1 M HCl or NaOH solutions.
The effect of different co-existing ions in water including selenite (SeO3

2−), selenate
(SeO4

2−), phosphate (PO4
3−), nitrate (NO3

−), and chloride (Cl−) on the removal of
As(III) was investigated by increasing the concentration of co-existing ions from 0
to 10 mg/L at a fixed As(III) concentration of 2500 μg/L.

3 Results and Discussion

3.1 Biosorbent Characterization

The surface morphological characteristics of the CS and MCS are presented in the
SEM images (Fig. 1). These images indicate the relatively rougher structure of MCS
(Fig. 1b) as compared to CS (Fig. 1a). While the surface of CS is smooth, the surface
of theMCS is rough, indicating deposition of a Fe oxide layer on the biomass surface.
The Fe oxide deposition was confirmed by measuring the Fe content of the MCS,
which indicated the deposition of 74.8 mg Fe per gram ofMCS. In addition, the BET
surface area of the CS increased from 2.0 to 3.0 m2/g after modification, which can
increase the adsorptive surface area and subsequently provide more active As(III)
sorption sites [29].

FTIR spectroscopy (wavenumber range of 4000–650 cm−1) revealed no signifi-
cant change in the functional groups upon modification of CS (Fig. 2a). However,
both spectra showed the presence of cellulose, hemicellulose, and lignin in the mate-
rials [30]. The bands at ~ 834 and ~ 895 cm−1 can be associated with aromatic C–H

Fig. 1 SEM images of, a canola straw (CS), b modified canola straw (MCS)
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Fig. 2 a FTIR spectra and b XRD pattern of canola straw (CS) and modified canola straw (MCS)

present in lignin [31], and C–O–C rings in cellulose [32], respectively. The band at
~ 1027 cm−1 can be attributed to the C–O in cellulose, and the band at ~ 1231 cm−1

can be assigned to the C–OH of the phenolic groups [33]. The spectral peak at ~
1600 cm−1 can be related to aromatic skeletal vibrations and C=O stretches present
in the aromatic structure of the lignin. The band at ~ 1735 cm−1 can be assigned to
the acetyl groups in hemicellulose [34]. The band at ~ 2920 cm−1 can be attributed
to CH2 and CH3 groups in cellulose, hemicellulose, and lignin [30], and the broad
peak at ~ 3340 can be due to –OH surface functional groups [35].

The XRD patterns were in good agreement with the FTIR spectra (Fig. 2b). The
CS and MCS showed similar broad peaks at 2θ values of 16.4 and 22.6°, which
can be attributed to cellulose [36]. However, the XRD pattern of the MCS lacks
any diffraction peak indicating the amorphous nature of the deposited Fe oxides.
These results are in agreement with the previous results indicating the formation of
amorphous Fe oxide under low pH and drying conditions [37, 38]. FeOOH will be
the dominant Fe oxide phase in the modification condition that can be deposited on
the surface of CS (Eq. 2) [39]:

Fe3+ + 3OH− ↔ FeOOH ↓ +H2O. (2)

3.2 Sorption Isotherms and Kinetics

Sorption isotherms can be used to describe the interaction between the sorbate and
the sorbent. Equilibrium sorption results indicated that the amount of sorbed As(III)
increased from 407 to 6407 μg/g by increasing the initial As(III) concentration
from 500 to 20,000 μg/L. The maximum As(III) sorption capacity of 6407 μg/g is
comparable with the reported values for other Fe treated biomasses such as 1400μg/
g for Melia azedarach sawdust [40], 4370 μg/g for hazelnut shells [41], 9740 μg/g
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for pinecone [42], and 12,600 for jute fibers [21]. Overall, it is clear that the MCS
developed in the current study performed well overall.

Four isotherm models were used to describe the sorption behavior of As(III)
on MCS. The linearized isotherm models were fitted with the experimental data
(Fig. 3a), and the estimated isotherm coefficients are shown in Table 1. It is observed
from Fig. 3a and the R2 values that the data fitted better to the Freundlich (0.99)
and Redlich–Peterson (0.99) isotherm models than the Langmuir (0.97) and Temkin
(0.89) models. The Langmuir model assumes that sorption is monolayer and surface-
active sites have uniform energy. In contrast to Langmuir, the Freundlich model
assumes that the sorbent surface energy is heterogeneous and the sorption process is
multilayer [43]. The Temkin model assumes sorption energy decreases linearly with
increasing sorption quantity [44]. Lastly, the Redlich–Peterson model is a three-
parameter model that incorporates features of both the Langmuir and Freundlich
models. This model assumes a hybrid sorption mechanism and approaches the ideal
Langmuir condition when the exponent β is close to 1 and resembles the Freundlich
model if values of β are close to zero [45]. Therefore, considering the R2 values and
the value of 0 < β(0.56) < 1 (Table 1), a hybrid sorption mechanism took place in
biosorption of As(III) usingMCS. In addition, the value of n in the Freundlich model
(nfr = 2.05) indicated that the sorption process was favorable. Generally, when 0 <
1/n < 1, the sorption is considered to be favorable, and when 1/n > 1, the sorption is
considered to be unfavorable [46].

The kinetic experiments of As(III) removal were carried out to understand the
sorption behavior of MCS. The contact time was varied between 0 and 4320 min
(72 h) to establish equilibrium. The As(III) sorption rate was fast, with 66% of
the ultimate sorption occurring in the first 4 h, and the sorption capacity continued
to increase for the next 72 h with a lower sorption rate to approach equilibrium
(Fig. 3b). The sorption kinetics were best modeled by pseudo-second-order (R2 =
0.99) and Elovich (R2 = 0.98) models than the pseudo-first-order (R2 = 0.95) and
intra-particle diffusionmodels (R2 = 0.82) (Table 1). The high correlation coefficient
of the pseudo-second-order model suggested that the overall mechanism of sorption

Fig. 3 a Biosorption isotherm, b biosorption kinetics for As(III) using MCS
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Table 1 Results of the isotherm and kinetic models, equations, and estimated parameters for
biosorption of As(III) by MCS

Model Equation Parameter Value

Isotherm

Langmuir qe = KLqmaxCe
1+KLCe

qmax (μg/g)
KL (L/mg)
R2

8077
0.089
0.97

Freundlich qe = KFC
1
n
e KFr (μg/g)(L/μg)1/nFr

nFr
R2

39.0
2.05
0.99

Temkin qe = RT
bT

ln(KTCe) KT (L/mg)
bT
R2

12.1
845
0.89

Redlich–Peterson qe = KRPCe

1+aRPC
β
e

KRP (L/g)
aRP (L/μg)β

β

R2

6.3
0.091
0.56
0.99

Kinetics

Pseudo-first-order qt = qe
(
1 − e−k1t

)
k1 (1/min)
qe exp. (μg/g)
qe cal. (μg/g)
R2

0.01
1404
1307
0.95

Pseudo-second-order t
qt

= 1
k2q2e

+
(

1
qe

)
t k2 (g/μg.min)

qe cal. (μg/g)
R2

5.8e-6
1436.7
0.99

Intra-particle diffusion qt = kpt1/2 + C kp (μg/g.min0.5)
C (μg/g)
R2

56.3
905.3
0.82

Elovich qt = 1
b ln(1 + abt) a (μg/g.min)

b (kg/m)
R2

35.2
4.3
0.98

of As(III) onto MCS was controlled by a chemisorption process [47]. The intra-
particle diffusion model failed to describe the experimental kinetic data indicating
that the intra-particle-diffusion was not the only rate-limiting step. The validity of the
Elovich model suggested that the chemisorption mechanism (e.g., surface complex-
ation) is likely the main rate-determining step for the sorption which is in agreement
with the pseudo-second-order model.

3.3 Effect of pH

The pH of solution is an important factor in the As(III) sorption process because
both the speciation of As ions in an aqueous solution and the surface charge of the
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Fig. 4 Impacts to As(III) sorption capacity of MCS: a initial pH; b co-existing ions

biosorbent are pH dependent [16]. The speciation of As(III) species and equilibrium
constants are shown below (Eq. 3) [48]:

H3AsO3 ↔ H2AsO
−
3 + H+ pKa1 = 9.3

H2AsO
−
3 ↔ HAsO2−

3 + H+ pKa2 = 12.1
HAsO2−

3 ↔ AsO3−
3 + H+ pKa2 = 12.7

(3)

Based on the pKa values in Eq. 3, As(III) exists mainly as neutral H3AsO3 at
pH values lower than 9.2, and H2AsO3

− becomes dominant at pH values above 9.2
(Fig. 4a).

The effect of the initial pH of solution on the removal As(III) by MCS was
investigated (Fig. 4a). The interaction between As(III) species and the surface of the
MCS was influenced by solution pH, and the solution pH had a significant effect on
As(III) sorption capacity of MCS (p < 0.01). As the pH increased from 3 to 6, the
As(III) sorption capacity increased from 984 to 1298 μg/g and remained relatively
constant between pH 6 and 9 (ranged between 1266 and 1320 μg/g) before reaching
a maximum value of 1515μg/g at pH 10. Previously, similar sorption behaviors have
been reported for As(III) on Fe oxides surfaces [49, 50]. The determined pHpzc of the
MCSwas 4.2.Considering that at the pHvalues lower than4.2As(III) exists as neutral
species (H3AsO3, and the sorption capacity ofMCSwas the lowest at low pH values;
thus, the electrostatic attraction was not responsible for As(III uptake. The enhanced
sorption capacity at 5 < pH < 9 can be attributed to outer-sphere complexation
or inner-sphere complexation of As(III with Fe oxides on the biosorbent surface
[51]. The higher As(III) sorption capacity at pH 10 can be attributed to the stronger
interaction between the deposited Fe oxides on the surface of MCS and As(III) ions.
It has been reported that As(III) is sorbed more strongly at alkaline conditions, and
in general, the maximum anion sorption occurs at pH values in the pKa range of the
conjugate acid (currently the pKa1 = 9.3 for arsenious acid) (Eq. 3) [52, 53].
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3.4 Effect of Co-existing Anions

Given that some anions in natural waters and anthropogenic wastewaters may
compete with As(III) for the sorption sites on the MCS surface, investigating the
possible competition between As(III) and examples of these anions is necessary.
Therefore, the effect of different anions (Cl−, NO3

−, PO4
3−, SeO3

2−, SeO4
2−) on

the biosorption of As(III) on MCS was investigated (Fig. 4b). The presence of Cl−
and NO3

− did not have a significant effect (p > 0.05) on the adsorption of As(III)
when the concentration of the co-existing ions varied from 0 to 10 mg/L. However,
the removal of As(III) was affected significantly (p < 0.01) in the presence of PO4

3−,
SeO3

2−, SeO4
2−. With an increase in the concentration of ions from 0 to 10 mg/L,

the As(III) sorption capacity decreased from 1404 to 1171, 1028, and 1186 μg/g in
the presence of PO4

3−, SeO3
2−, and SeO4

2−, respectively.
It has been reported that Cl− and NO3

− could only bind weakly to the surface of
metal oxides by forming an outer-sphere complex [54, 55]. Generally, outer-sphere
complexation is significantly affected by ionic strength and decreaseswith increasing
ionic strength. Conversely, in the case of inner-sphere surface complexation, sorption
capacity increases (or stays constant)with increasing ionic strength [56]. Considering
that increase of Cl− and NO3

− concentrations did not influence the As(III) sorption
capacity, the dominant mechanism ofAs(III) sorption onto theMCS can be attributed
to inner-sphere surface complexation. On the other hand, PO4

3− and SeO3
2− bind

strongly to metal oxides by forming inner-sphere complexes, and SeO4
2− forms both

relatively weaker inner- and outer-sphere complexes [55, 57]. Therefore, the impact
of PO4

3− and SeO3
2− on As(III) sorption will be stronger than SeO4

2−, which is
in line with the amount of reduction in As(III) sorption capacity in the presence of
PO4

3− (233 μg/g) and SeO3
2− (376 μg/g), and SeO4

2− (218 μg/g).
Therefore, based on the results of sorption experiments and the effect of co-

existing ions on the As(III) scorpion capacity of MCS, it can be deduced that
inner-sphere complexation is themain As(III) sorptionmechanism. The inner-sphere
complexation of As(III) with Fe oxides on the surface of MCS may take place by
three complexation types, includingmononuclear-monodentate, binuclear-bidentate,
and mononuclear-bidentate complexes (Fig. 5).

3.5 Conclusion

The current study showed the viability of using Fe-modified canola straw (MCS) for
the removal of As(III) from water. According to the results, the maximum As(III)
sorption capacity of the MCS compares favorably to other similar sorbents in the
literature. The Freundlich and Redlich–Peterson isotherm models were best-fitted
to equilibrium data suggesting that a hybrid sorption mechanism took place in the
removal of As(III) using MCS. Adsorption kinetics were well described by pseudo-
second-order and Elovich models indicating the chemisorption nature of the process.
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Fig. 5 Possible inner-sphere
surface complexes of As(III)
formed on the surface of
MCS

As(III) uptake by MCS increased with increasing pH from 3 to 5, remained constant
in the pH range of 5–9, and reached a maximum of 1515 μg/g at pH 10. Studying
the inhibition effects of co-existing ions on As(III) sorption showed an insignificant
effect of Cl− and NO3

−, while the effects of other ions were in the following order:
SeO3

2− > PO4
3− > SeO4

2−. Based on the sorption experiment results, inner-sphere
complexation can be the main mechanism of As(III) sorption on MCS. While the
batch adsorption experiments showed the promising potential of theMCS for As(III)
sorption, further experiments are required to study the stability of the sorbent in the
long-term adsorption process, identify a proper desorption agent, and investigate the
regeneration-reuse capability of the adsorbent.
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