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ABSTRACT: Emerging contaminants are chemical products that are found in low concentrations, are not regulated by
environmental norms, and cause health effects. Among this group of contaminants are parabens, a family of p-hydroxybenzoic acid
esters used as preservatives in cosmetics, pharmaceuticals, and food products. Recent research describes parabens as endocrine
disruptors that can cause health alterations. Some of the best alternatives for pollutant removal include the adsorption process, which
can use materials that are inexpensive, abundant, and susceptible to modifications. In this sense, cellulose can be an option for
obtaining materials that can be used in the removal of contaminants. This research investigates the synthesis of benzoic cellulose
(MCB) and magnetic cellulose (MCM) as well as its use as an adsorbent for the removal of methylparaben (MP) and butylparaben
(BP) from water. Likewise, physicochemical characterization, including Fourier transform infrared (FTIR), scanning electronic
microscopy (SEM), energy-dispersive spectroscopy (EDS), X-ray diffraction (XRD), and thermogravimetric analysis (TGA), for
both cellulose materials was carried out. Moreover, pseudo-first-order, pseudo-second-order, Elovich, Weber, Morris, and Boyd
models were used to investigate the adsorption kinetics. As a result, the pseudo-second-order model was favorable for both modified
cellulose and the two parabens assayed. Finally, Freundlich, Langmuir, and Sips adsorption isotherm models were investigated; the
Langmuir model was the best for the adsorption isotherm data. The adsorption of methylparaben and butylparaben was in the
following order: MCM > MCB. The maximum adsorption capacity of MP and BP for MCM was 9.58 and 12.03 mg g−1, respectively.
For instance, the results showed that the modified cellulose adsorbed the parabens physically, which could involve electrostatic
attraction, hydrogen bonding, π−π bonding, and hydrophobic interactions.

■ INTRODUCTION
Parabens are alkyl esters of p-hydroxybenzoic acid with alkyl
substituents such as methylparaben (MP), ethylparaben (EP),
propylparaben (PrP), and butylparaben (BP).1−3 They are
colorless, odorless, and chemically stable over a wide pH
range.4 Some parabens have antibacterial and antifungal
activities due to their ability to alter the cell membrane and
intracellular proteins and cause a change in the enzymatic
activity of microbial cells.3 Parabens are used as synthetic
preservatives in cosmetics, food, pharmaceuticals, and personal
care products.5 For instance, at the food level, they are used as
antimicrobial preservatives in baked goods, fats and oils,
condiments, sugar substitutes, coffee extracts, fruit juices,
pickles, sauces, soft drinks, and dairy products.1,6

Parabens are recognized as endocrine-disrupting chemicals
(EDCs) that can mimic, antagonize, or modify natural
hormone levels in the body.7,8 In this way, the functions of
the endocrine system can be altered; therefore, the health,
development, and reproduction of living beings are affected.9

In fact, even at low concentrations, parabens can cause
different effects, such as gestational diabetes,10 infertility,11 and
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breast cancer.12 The maximum allowable concentration of
parabens in Europe is 0.4% for individual parabens and 0.8%
for a mixture of parabens.13 In Colombia, the Instituto
Nacional de Vigilancia de Medicamentos y Alimentos
(Invima), in February 2017, began to ban cosmetic products
containing within their formulations long-chain parabens such
as isopropylparaben, isobutylparaben, phenylparaben, benzyl-
paraben, and pentylparaben.14

As a consequence of their great industrial uses, parabens are
released and detected in surface water, industrial wastewater,
soils, and reservoirs. For example, in surface wastewater, MP
and PrP have been found at 170.9 and 52.1 μg L−1,
respectively. In addition, in water resources, EP and BP were
detected at 30.5 and 19.9 μg L−1, respectively.8

Researchers have reported parabens remotion in water
samples using adsorbents.1 As an example, magnetic nano-
particles with a phenyl group were used for the removal of MP,
EP, and PrP and displayed adsorption capacities of 0.6015,
3.2862, and 3.5421 mg g−1, respectively.15 In addition, micro-
and mesoporous silica synthesized from coal fly ash were used
for the adsorption of parabens in aqueous media.16

The use of low-cost adsorbents has been investigated as an
alternative to the current expensive methods for the removal of
contaminants from aqueous solutions. Previous works reported
that unmodified cellulose has low adsorption capacity and
variable physical stability.17 However, chemical modification of
cellulose can be performed to achieve adequate structural
durability and efficient adsorption capacity for organic and
inorganic pollutants.18 The hydroxyl groups present on the
surface and the relatively large specific surface area of cellulose
provide abundant active sites for modification by various
chemical reactions.19 In this way, properties of cellulose, such
as its hydrophilic or hydrophobic character, elasticity,
adsorption, and ion exchange capacity, can be realized.17

In this study, the aim was to synthesize magnetic cellulose
(MCM) and benzoic cellulose (MCB) composites. Afterward,
a comparative study of the removal of methylparaben and
butylparaben from aqueous solutions by adsorption onto both
adsorbents was carried out.

■ MATERIALS AND METHODS
Reagents. Methylparaben (MP) and butylparaben (BP)

were purchased from Sigma-Aldrich. Table S1 shows some
properties of MP and BP. Microcrystalline cellulose (MC),
urea (CO(NH2)2), thiourea (SC(NH2)2), sodium hydroxide
(NaOH), benzoic acid (BA), ferrous chloride tetrahydrate
(FeCl2·4H2O), ferric chloride hexahydrate (FeCl3·6H2O),
sodium chloride (NaCl), and all other reagents were of
analytical grade and were supplied by Merck.
Microcrystalline Cellulose Solution (MCS). Micro-

crystalline cellulose solution was prepared employing the
methodology of Periyasamy et al., with some modifications.20

Specifically, in our procedure, 4.0 g of microcrystalline
cellulose was dissolved in 200 mL of a NaOH/thiourea/
urea/H2O (8:6.5:8:77.5) solution; consequently, this mix was
stirred for 20 h at −5.0 °C to form a homogeneous
microcrystalline cellulose solution (MCS).
Cellulose Modified with Benzoic Acid (MCB). We used

a variation of Espino-Peŕez et al. procedure21 to obtain
cellulose with benzoic acid (MCB). In fact, in our procedure,
the pH of 100 mL of the microcrystalline cellulose solution
(MCS) was adjusted to 4.0 with concentrated sulfuric acid.
Subsequently, an excess of benzoic acid (10 equiv according to

the dry weight of MCS) was slowly added, and the solution
was placed in a closed distillation system for 20 h at 80.0 °C to
achieve the MC esterification. After the reaction, the MCB
product was purified by removing unreacted BA by filtration
and adding a large excess of hot water (5 washes) and ethanol
(3 washes). Finally, the MCB material was oven-dried at 60
°C.
Magnetic Cellulose (MCM). Magnetic cellulose denoted

as MCM was prepared employing the method used by
Periyasamy et al., with some changes.22 Initially, the MCS pH
was adjusted to 10.0; subsequently, this solution was stirred
vigorously using a magnetic plate. Afterward, 10 mL of a
solution containing 1.85 mmol of FeCl2 and 3.7 mmol of FeCl3
was gradually added to MCS, maintaining the pH at 10.0. The
resulting dark brown suspension was kept for 24 h. After that,
the resulting slurry was separated and washed with distilled
water to a neutral pH, and a final wash was performed with
ethanol. This material was a magnetic compound, named
MCM.
Characterization of Modified Cellulose. The modified

cellulose obtained through the different methods previously
described was characterized by various techniques. The
techniques used are described as follows: The morphology of
cellulose was obtained using a scanning electron microscope
(SEM) with an energy-dispersive spectrometry (EDS) detector
(QUANTA 250 FEI). To analyze, the samples were coated
with gold. Fourier transform infrared spectroscopy (FTIR) was
performed using a Shimadzu IRTracer-100 FTIR spectropho-
tometer. All samples were mixed with KBr to produce a
homogeneous disk. After that, the samples were deposited
separately in the diffuse reflectance cell of the infrared
equipment, and spectra were recorded in the range of 4000−
400 cm−1.23,2423,24 Thermogravimetric analysis (TGA) was
performed in a Hitachi, TGA/STA7200 system under a
nitrogen atmosphere. The heat rate was 10 °C min−1, and the
heating range was 37−950 °C.25 The X-ray diffraction (XRD)
data were obtained using a PANalytical Empyrean model. The
samples were measured in a conventional Bragg−Brentano
optical configuration with a copper anode X-ray generator tube
(λ = 1.54 Å). XRD patterns were obtained in the Bragg angle
range (2θ) from 5 to 70°.
Adsorption Assays. 5.0 mL of methylparaben (MP) and

butylparaben (BP) solutions was put in vials that contained a
preweighed amount of modified cellulose; subsequently,
cylindrical glass vessels were placed in a controlled orbital
shaker at 150 rpm. Parameters such as time (0−48 h) and
initial MP or BP concentration (1.0−40.0 mg L−1) were
evaluated. In all assays, the MP or BP concentration that
remained in the supernatant was determined using a UV
spectrophotometer (UV-1600, MAPADA) at λ = 255 nm. The
adsorption capacity of modified cellulose at any time (Qt, mg
g−1) and at equilibrium time (Qe, mg g−1) was calculated from
eq 1. All studies were carried out in triplicate.

Q
V C C

W
( )

e
0 e=

(1)

where C0 is the initial concentration of MP or BP (mg L−1), Ce
is the concentration of MP or BP at equilibrium, V (L) is the
volume of MP or BP solution, and W (g) is the dry mass of the
modified cellulose used.23

Adsorption Isotherms. Adsorption isotherms are im-
portant in the development of the adsorption process because
they allow the adsorbent/adsorbate interaction to be
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estimated. In this study, the adsorption capacity of modified
cellulose at any time (Qt, mg g−1) and at equilibrium time (Qe,
mg g−1) was calculated employing three isotherm models:
Langmuir, Freundlich, and Sips (Table S2).26 Actually, these
models allow us to study and elucidate the adsorption behavior
of MP and BP on modified cellulose materials.
Kinetic Study. To determine the time required to reach

adsorption equilibrium, 9.0 mg of the modified cellulose
materials (MCB and MCM each separately) was put in contact
with 3.0 mL of a solution of MP at 15.0 mg L−1 or BP at 25.0
mg L−1. Adsorption kinetics were monitored for a total time of
24 h, employing a UV spectrophotometer (UV-1600,
MAPADA) at λ = 255 nm. The adsorption capacity of the
modified cellulose was calculated from eq 1, and the data were
fitted with the kinetic models: pseudo-first-order, pseudo-
second-order, Elovich, Boyd, and Weber−Morris (Table S2).27

Reuse Tests of Cellulosic Materials. To analyze the
stability of the MCB and MCM adsorbents, the materials were
washed at the end of each test. Then, the materials were
separated from the solution (by decanting), washed three
times with hot water and twice more with distilled water, and
finally dried at 60 °C for 6 h before being used in a new
cycle.28

Statistical Analysis. Additionally, the quality of fitting the
mathematical models was verified using the coefficient of
determination (R2), the sum of the squares of the error (SSE),
the average relative error (ARE (%)), and the hybrid fractional
error function (HYBRID). These equations are in Table S3,
and the results are in Tables S4 and S6.29

■ RESULTS AND DISCUSSION
Physicochemical Characterization of the Cellulose

Modified. Surface modification of cellulose through its

hydroxyl groups has been used to improve its properties for
increased applications of this material.19,30 A diversity of

chemical groups have been added to cellulose surfaces through
reactions such as oxidation and acetylation.31,32 In addition,
the esterification of cellulose is an acylation process of hydroxyl
groups employing carboxylic acid as an acylating agent under
strong acid catalysis (Fischer esterification).33,34 We adapted
the procedure reported by Espino-Peŕez,21 using benzoic acid
in acid catalysis and heating under reflux to obtain an

Figure 1. Cellulose modified with benzoic acid.

Figure 2. Micrographs of raw and modified cellulose: microcrystalline cellulose (MC), cellulose with benzoic acid (MCB), and magnetic cellulose
(MCM).

Figure 3. FTIR spectra of microcrystalline cellulose (MC), cellulose
with benzoic acid (MCB), and magnetic cellulose (MCM).

Figure 4. Thermogram of microcrystalline cellulose (MC), cellulose
with benzoic acid (MCB), and magnetic cellulose (MCM).
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esterification reaction as shown in Figure 1. The employed
method is in line with the principles of green chemistry: use of
an aqueous suspension, nontoxic carboxylic acids, moderately
low reaction temperature, reaction at ambient pressure, and the
possibility of recovering the excess of reactants by solvent
distillation.25

On the other hand, magnetic nanoparticles have been used
to efficiently remove parabens, and various physical and
chemical modifications have been used to improve the
adsorption capacity of this material.1 Some of them used
matrices such as chitosan,35,36 polymers,17,37,38 carbon,39

carbon nanotubes (CNT),40 graphene oxide (GO),41 metal
oxides,42,43 zeolites,44 and metal−organic frameworks
(MOFs).45,46 In our study, magnetic nanoparticles were
generated according to eq 2 and coated on cellulose.20,47

Fe 2Fe 8OH Fe O 4H O2 3
3 4 2+ + ++ +

(2)

Micrographs of the modified cellulose (Figure 2) showed
different structures and morphologies depending on the
chemical treatment employed. In general, the prepared
cellulose displayed a heterogeneous surface, as expected the
raw microcellulose (MC) has a smooth morphology with
amorphous areas; similarly, the cellulose modified with benzoic
acid (MCB) has a rough and irregular surface due to the
hydrolysis influence that causes the degradation of cellulose
fibers.48,49 Moreover, magnetic cellulose (MCM) showed
spherical particles, which is consistent with Zirak,50 who
reported that methyl cellulose coated with Fe3O4 had spherical
nanoparticles.
The X-ray dispersive spectra (EDX) of MC showed a weight

percentage of 73.07% C and 26.93% O, while MCB had values
of 56.34% C and 43.66% O, which is evidence of a higher
presence of oxygen, and this demonstrates that the cellulose
was esterified with benzoic acid. Finally, the MCM material
had a weight percentage of 55.46% C, 41.10% O, and 2.8% Fe,
indicating the presence of magnetite on the surface of the
microcellulose (Figure S1).
Figure 3 shows the FTIR spectra of MC, MCB, and MCM.

The MC spectrum displayed the common peaks of cellulose:
broad hydroxyl stretching at 3332 cm−1 and bending at 1610
cm−1, the C−O signal at 1038 cm−1, and a C−H stretching
peak at 2900 cm−1, respectively. On the other hand, the MCB
spectrum showed a lower intensity peak at 3332 cm−1 assigned

to hydroxyl stretching, while the peak at 1724 cm−1 was
associated with carbonyl stretching of the acid, both
absorptions confirming the conversion of the primary C6
hydroxyl to carboxyl from esterification with benzoic acid.33

Furthermore, the peak at 1480 cm−1 was assigned to aromatic
C�C groups.23 Finally, the CMM spectrum shows a peak at
644 cm−1 signal that is associated with the stretching vibrations
of the Fe−O bond,50 which allows confirming the coating of
the microcellulose with Fe3O4. As expected, the FTIR
experiment showed that the chemical reactions employed
were successful and that modified cellulose was achieved.
Thermograms of MC, MCB, and MCM are shown in Figure

4. TGA of all materials shows the first weight loss at 100−120
°C, which corresponds to the removal of physically adsorbed
water, and the second weight loss, which occurs at 220−380
°C, is attributed to the decomposition of the organic structure
of the microcellulose polymer. These results are in agreement
with other authors.21,25,50

The changes in the crystal structure due to the modifications
made to MC during the processing of the MCM material were
determined from the XRD diffractogram of the pure MC and
the composite MCM. The XRD pattern of MC in Figure 5
shows the typical structure of cellulose I with peaks at 2θ =
15.40° and 22.40, which are characteristic of crystalline
cellulose and correspond to the diffraction lattice planes of
(110) and (020), and this is consistent with Van et al. and
Chen et al.51,52 The characteristic XRD signals of Fe3O4
correspond to 2θ = 30.30, 35.69 43.38, 57.38, and 63.02°.53
The processed MCM material showed signals at 2θ = 35.50,
57.34, and 63.00°, indicating the presence of Fe3O4 and
corresponding to the diffraction lattice planes of (311), (440),
and (511) (JCPDS card 01-075-0449), and similar to the
results of previous works.54,55 In addition, due to the alkaline
treatment of the MCM material, the crystalline peak of MC
(22.40°) split into two peaks located at 2θ = 20.02 and 21.80°,
showing a typical structure of cellulose II. A shift of the MC
peak from 15.40 to 11.78° is also recorded in the MCM
characteristic of cellulose II. These values correlate favorably
with Li et al. and Yue.56,57

Adsorption Kinetic. To determine the adsorption
equilibrium time, we carried out dynamic adsorption assays
of methylparaben and butylparaben on modified cellulose. The
recorded experimental data were then fitted nonlinearly using
pseudo-first-order, pseudo-second-order, and Elovich models.
The effect of contact time (Figure 6a,6b) revealed that the
adsorption capacity of parabens displayed an increase with the
increase of time and reached the equilibrium state within 200
min for both parabens on MC and MCB. In addition, on
MCM, the equilibrium state was reached within 600 min for
both parabens. The single most striking to emerge from the
kinetic data comparison was that it is possible that the MP and
BP molecules interacted with the aromatic and hydroxyl
groups on MCB and MC fast. In contrast, parabens interacted
with coated Fe3O4-MC adsorbent through electrostatic forces,
achieving removal of parabens in more time.
Table S4 shows values of the parameters obtained by the

pseudo-first, pseudo-second, and Elovich models employed to
evaluate adsorption kinetic data for methylparaben and
butylparaben. These results offer powerful evidence that
pseudo-second-order models were the best option for both
MP and BP adsorption as they presented the highest R2 values
(0.9414−0.9977) and the lowest error function values. In
addition, the values of Qe cal by the pseudo-second-order model

Figure 5. X-ray diffraction of microcrystalline cellulose (MC) and
magnetic cellulose (MCM).
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Figure 6. Graphs of kinetic models for methylparaben and butylparaben adsorption onto modified cellulose: (a, b) pseudo-second model; (c, d)
Weber−Morris model; (e, f) Boyd model.
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were close to Qexp. As indicated by Leoń et al.,27 the second-
order model proposes a chemisorption process. Even though,
this is in good agreement with previously published articles
shown in Table S6, where it is demonstrated that the best
kinetic model for MP and BP adsorption onto different
adsorbents and various experimental conditions followed the
pseudo-second-order model.
Additionally, to offer more understanding of the adsorption

mechanism and the rate-controlling steps that affect the
kinetics, data from dynamic adsorption assays were evaluated
using the Weber−Morris intraparticle and Boyd film diffusion
models. The results are shown in Figure 6c,6d and Table S4.
Remarkably, the Weber−Morris intraparticle diffusion plots
were multilinear (Figure 6c,6d), indicating that the adsorption
process is a complex process involving surface adsorption,
interparticle diffusion, and intraparticle diffusion.58

Comparing the three diffusion constants of the Weber−
Morris model (Kid.1), it is evidenced that Kid.2 > Kid.1 > Kid.3,
as shown in Table S4. Therefore, the second stage is the critical
step in the adsorption process of MP and BP on MC, MCB,
and MCMM. In fact, this phase refers to the diffusion of
molecules to the most internal adsorption sites of the
adsorbent being supported by the reduction of the kdif3
value, and this phase has been assigned to the equilibrium
stage.58 Additionally, the first phase or film diffusion was short,
in this stage, and the molecules of MP and BP moved through
the boundary layer on the surface of the modified cellulose.59

Moreover, the rise in Ci values (Table S4) was due to the
increase in the thickness of the boundary film and the
adsorption driving force that were related to the initial
concentration of the molecules studied.27

Graphs of the Boyd model (Figure 6e,6f) showed that the
experimental data did not follow a linear trend and did not pass
through (0.0). This proves that the adsorption process for both
MP and BP adsorption on MC and MCM was affected by both
intraparticle and external diffusion,58 which supports the
results obtained from the Weber and Morris model presented
above. However, the film diffusion for the parabens studied on
MCB was a minimum.
Adsorption Isotherms. To evaluate the performance of

modified cellulose in the removal of methylparaben and
butylparaben, adsorption assays were carried out at 20 °C over
the time range given by the kinetic experiments. In addition,
the experimental data were evaluated using Langmuir,
Freundlich, and Sips isotherm models. Figure 7 shows the
adsorption isotherms of methylparaben and butylparaben at 20
°C on the modified cellulose evaluated. It is important to note
that the adsorption capacity of methylparaben and butylpar-
aben was higher on modified cellulose (MCB and MCM) than
that on the source microcrystalline cellulose (MC); moreover,
the modified cellulose evaluated had a better adsorption
capacity for butylparaben than for methylparaben. This is in
good agreement with previous adsorption studies with

Figure 7. Adsorption isotherm onto modified cellulose at 20 °C of (a) methylparaben and (b) butylparaben (the lines show data fitted with the
Langmuir model).

Figure 8. Adsorption performance of modified cellulose at 20 °C after
different times of regeneration.
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parabens, which showed an increase in the adsorption capacity
with increasing paraben hydrophobicity. In addition, increasing
the molecular size of the substituent group often increases the
adsorption capacity, especially for a homologous series of
parabens.16,60 Furthermore, these results offer powerful
evidence supported by many authors who argued that the
chemical and physical properties of cellulose required for
remotion of pollutants depend on molecules worked19,61,62

The isotherm parameters for the three isotherm models that
worked with linear regression coefficient (R2) and the sum of
the squares of the error (SSE) are listed in Table S5. According
to R2 and SSE, both the Langmuir and the Sips adsorption
models could satisfactorily describe the paraben adsorption on
each modified cellulose, while the Freundlich isotherm model
was the least suitable. This suggests that the adsorption process
on modified cellulose implied monolayer adsorption and mixed
coverage models.63 There was a significant positive correlation
between our results and those of other paraben-adsorbent
complexes employed (Table S6).
Furthermore, the binding constant KL is associated with the

adsorption energy between the adsorbent and the adsorbate.27

Interestingly, MP showed higher binding constants (MC:
0.2886 L g−1, MCB: 0.1062 L g−1, MCM: 0.2053 L g−1) than
BP (MC: 0.1272 L g−1, MCB: 0.0288 L g−1, MCM: 0.1566 L
g−1) indicating a higher binding affinity for MP on modified
cellulose. In addition, the values of RL (separation factor) of
the Langmuir isotherm were between 0 and 1 at all initial
concentrations used for the MP and BP isotherms.
Consequently, based on these results, it was determined that
the adsorption process was favorable under the conditions
used in this study.64,65

Our findings appear to be well supported by other research
on the removal of MP and BP from aqueous solutions with
various adsorbents; this result has been summarized in Table
S6. The comparison of the adsorption capacity of modified
cellulose (MCB and MCM) with other reported adsorbents
was difficult because the condition employed for assays was
diverse, but MCB and MCM were better than some adsorbents
such as magnetic nanoparticles with a phenyl group,15

polyacrylonitrile beads,66 porous N-doped graphene-based
NiO composite,67 β-cyclodextrin-modified mesostructured
silica-coated multiwalled carbon nanotube composites,68

polyamide,69 and coconut-based activated carbon.70 In

addition, the best adsorbent in our study, MCM, had
advantages such as a low amount of adsorbent loading and
easy separation of adsorbent using an external magnetic field.
Reuse Cycles of Cellulosic Materials. The cellulosic

materials (MCB and MCM) were tested in four cycles for the
adsorption of MP and BP under the conditions used in the
adsorption isotherm tests. As shown in Figure 8, the
adsorption of MP onto MCB and MCM decayed slowly to
20% in the first three cycles. However, the adsorption of BP
onto MCM declined slowly to 10% in the first cycle but
decreased to about 50% in the second cycle; in addition, the
adsorption of BP onto MCB decreased to about 33% in the
first cycle and up to 50% in the third cycle. It is interesting to
note that the performance of the cellulosic materials depends
on the parabens worked, and the reasons for this result are not
yet fully understood.
Finally, an adsorption mechanism suggested by us could be

that MP and BP molecules were adsorbed mainly through π−π
bonding, hydrogen bonding, n−π interactions, and hydro-
phobic interactions between MP and BP with aromatic and
hydroxyl groups on the adsorbent surface of MC and MCB.
Additionally, electrostatic interactions could occur between the
studied parabens and MCM. This behavior could be seen
through the analysis of the infrared spectra previous and after
adsorption of the studied pollutants (Figure 9), which showed
that signals at 3332, 1724, 1480, and 1128 cm−1 changed their
position or transmittance intensity increased after the
adsorption of parabens. This is in good agreement with
previous findings.71−74 Significantly, further experimental
studies are needed to establish the adsorption mechanisms.

■ CONCLUSIONS
Chemically modified microcellulose with benzoic acid and
magnetite (MCB, MCM) was developed for the removal of
methylparaben and butylparaben. For both adsorbents, the
adsorption capacity of parabens improved with the increase in
paraben concentration and enhanced with the molecular mass
of the parabens; therefore, butylparaben was adsorbed more
than methylparaben, possibly due to its higher hydrophobicity.
Additionally, the addition of benzoic acid and magnetite
increased the adsorption capacity of parabens due to changes
in the surface characteristics of the adsorbents related to the
number of functional groups that can interact with the paraben

Figure 9. Infrared spectrum of (a) cellulose with benzoic acid (MCB), (b) magnetic cellulose (MCM), and previous and post adsorption of
methylparaben (MP) and butylparaben (BP).
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through hydrogen bridge interactions (oxygenated functional
groups), π−π bonding, and hydrophobic interactions (poly-
aromatic π-electron functional groups). These increases are
more important in the case of magnetite. In conclusion, MCB
and MCM were successfully tested as adsorbents for the
adsorption of selected methyl and butylparaben compounds.
The strength importance of our study was that MCM has a
high ability to remove parabens from aqueous solutions; thus,
it has potential for possible application in the treatment of
polluted effluents.
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Parabens and Their Effects on the Endocrine System. Mol. Cell.
Endocrinol. 2018, 474, 238−251.
(3) Khezeli, T.; Daneshfar, A.; Kardani, F. In-Situ Functionalization
of MnO2 Nanoparticles by Natural Tea Polyphenols: A Greener
Sorbent for Dispersive Solid-Phase Extraction of Parabens from
Wastewater and Cosmetics. Microchem. J. 2023, 190 (March),
No. 108751.
(4) Wei, F.; Mortimer, M.; Cheng, H.; Sang, N.; Guo, L.-H.
Parabens as Chemicals of Emerging Concern in the Environment and
Humans: A Review. Sci. Total Environ. 2021, 778, No. 146150.
(5) Meng, Z.; Yu, B.; Chen, Y.; Deng, Y.; Li, H.; Yao, J.; Yang, H. Y.
The High Content of NH2-MIL-101(Fe) in NH2-MIL-101(Fe)/
Fe3O4/GO Enables Selective Adsorption Removal of Five Parabens.
Chem. Eng. Sci. 2024, 284, No. 119527.
(6) Ocaña-González, J. A.; Villar-Navarro, M.; Ramos-Payán, M.;
Fernández-Torres, R.; Bello-López, M. A. New Developments in the
Extraction and Determination of Parabens in Cosmetics and
Environmental Samples. A Review. Anal. Chim. Acta 2015, 858, 1−15.
(7) Monneret, C. What Is an Endocrine Disruptor? C. R. Biol. 2017,
340 (9), 403−405.
(8) Maia, C.; Sousa, C. A.; Sousa, H.; Vale, F.; Simões, M. Parabens
Removal from Wastewaters by Microalgae − Ecotoxicity, Metabolism
and Pathways. Chem. Eng. J. 2023, 453, No. 139631.
(9) Kabir, E. R.; Rahman, M. S.; Rahman, I. A Review on Endocrine
Disruptors and Their Possible Impacts on Human Health. Environ.
Toxicol. Pharmacol. 2015, 40 (1), 241−258.
(10) Tartaglia, A.; Kabir, A.; Ulusoy, S.; Sperandio, E.;
Piccolantonio, S.; Ulusoy, H. I.; Furton, K. G.; Locatelli, M. FPSE-
HPLC-PDA Analysis of Seven Paraben Residues in Human Whole
Blood, Plasma, and Urine. J. Chromatogr. B 2019, 1125, No. 121707.
(11) Smarr, M. M.; Sundaram, R.; Honda, M.; Kannan, K.; Louis, G.
M. B. Urinary Concentrations of Parabens and Other Antimicrobial
Chemicals and Their Association with Couples’ Fecundity. Environ.
Health Perspect. 2017, 125 (4), 730−736.
(12) Darbre, P. D.; Aljarrah, A.; Miller, W. R.; Coldham, N. G.;
Sauer, M. J.; Pope, G. S. Concentrations of Parabens in Human Breast
Tumours. J. Appl. Toxicol. 2004, 24 (1), 5−13.
(13) Amin, M. M.; Hashemi, M.; Ebrahimpour, K.; Chavoshani, A.
Determination of Parabens in Wastewater and Sludge in a Municipal
Wastewater Treatment Plant Using Microwaveassisted Dispersive
Liquid-Liquid Microextraction Coupled with Gas Chromatography-
Mass Spectrometry. Environ. Health Eng. Manag. 2019, 6 (3), 215−
224.
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