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Received: 29 October 2025 Abstract: Arsenic is a highly toxic element found in liquid effluents and can pose
Revised: 16 February 2026 serious health and environmental risks. Conversely, coconut fiber, an abundant
Accepted: 25 February 2026 byproduct of the agrifood industry, has strong potential as an adsorbent for
Published: 6 March 2026 removing arsenic from water. Its lignocellulosic structure, which includes cellulose,

hemicellulose, lignin, and functional groups such as hydroxyls and carbonyls,
enhances interactions with various arsenic species. Research indicates that both raw
fiber and chemically treated fiber, using methods such as acid, alkali, biochar
conversion, or metal/oxide impregnation, can remove contaminants like dyes,
heavy metals, and arsenic. This review shows that chemical treatments significantly
improve adsorption efficiency, reaching up to 99% arsenic removal, whereas raw
fibers typically achieve less than 25%. Factors such as pH, temperature, and contact
time directly influence process effectiveness, with neutral or slightly acidic pH and
temperatures near room temperature being ideal for better removal. Kinetic
and isotherm models, including the Langmuir and the Freundlich models, help
elucidate adsorption mechanisms and estimate the maximum biosorbent capacity.
Additionally, coconut fiber can be regenerated and reused after adsorption and
desorption cycles, making the process potentially sustainable and cost-effective.
Despite promising results with synthetic solutions, challenges remain for
real-world applications, such as in industrial effluents and groundwater, due to the
presence of competing ions and organic matter. Developing technologies based on
coconut fiber promotes the valorization of agro-industrial waste, supports green
chemistry and the circular economy by enabling the reuse of low-cost, abundant
materials, minimizes environmental impacts, and fosters sustainable treatment of
arsenic-contaminated water.
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1

. Introduction

The food industry generates significant amounts of solid waste, much of which is improperly disposed of in

landfills and dumps, causing serious environmental problems [1,2]. This waste can be solid or semi-solid and
arises from various human activities, including hospitals, commercial, residential, and industrial operations, as
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well as the agrifood sector [3]. In the agrifood industry, large quantities of lignocellulosic waste are generated,
such as bagasse and peels, which contain cellulose, hemicellulose, and lignin [3,4]. This waste poses an
environmental challenge due to its difficult disposal and the high treatment costs, but it also has significant
potential for valorization [1,5].

In the coconut (Cocos nucifera) industry, the fruit is processed commercially to produce copra (the fruit pulp)
and coconut water [6]. The husk is the main waste product, making up 80-85% of the fruit’s weight. This waste
can cause serious environmental problems. For example, when burned, it releases greenhouse gases. Additionally,
when landfilled, it occupies large amounts of space and can take approximately 8 years to decompose naturally [7].
Therefore, recycling is essential for sustainable growth. The husk can be used for many purposes, including as
fertilizer and biofertilizer; in industrial applications; to restore degraded areas; in floriculture; in crafts; in
construction; for energy generation; and as an adsorbent for polluted water.

Factors such as industrialization, agricultural expansion, and urbanization have contributed to widespread
pollution of natural water resources. Several water bodies are contaminated with chemical pollutants, including
potentially toxic inorganic species [8]. This contamination poses public health risks and causes significant
environmental damage, as the harmful effects of potentially toxic elements on ecosystems and human health can
vary with concentration and valence state [9].

Various techniques can be used to treat effluents, aiming to reduce their pollution load, including potentially
toxic inorganic species [1]. Among these treatment techniques, coagulation precipitation and Fenton oxidation [2]
are particularly noteworthy. While these techniques are effective, they often involve high application, operation,
and maintenance costs, which limit their large-scale use. In this sense, there is a growing need for water treatment
strategies that are not only energy-efficient but also capable of resource recovery [1,10]. Alternatively, various
agricultural residues, which are abundant and low-cost, have been proposed as adsorbents for removing inorganic
species from contaminated waters [1,2,11].

In this context, coconut fiber has been used to remove various contaminants from water-based solutions. For
example, the adsorption of from wastewater using coconut biochar and activated carbon as adsorbents has been
examined [12—-14]. Metal adsorption onto biochar from synthetic aqueous solutions has been widely reported in
the literature [15—17]. The adsorption of bisphenol A using pretreated coconut fiber has also been demonstrated [18].
In addition, the sorption of cadmium, chromium, copper, nickel, lead, and zinc onto coconut fiber has been
investigated [19]. The immobilization of Saccharomyces cerevisiae cells on coconut fiber has been evaluated as a
strategy to enhance lead adsorption [20]. Chromium adsorption using green coconut fiber has likewise been
reported [21], as has the adsorption of chromium and nickel onto coconut-based materials [22].

Among the potentially toxic species found in effluents that require attention, arsenic stands out. In aqueous
solutions, arsenic mainly exists as As(V) (arsenate) and As(III) (arsenite) [23]. Both forms are harmful, with
As(I1I) being 25-60 times more toxic than As(V) [24]. Arsenic can cause various health problems, including
damage to blood vessels and gastrointestinal tissues; changes in skin pigmentation; nervous, heart, and brain
disorders; and an increased cancer risk [24,25].

Given the availability of coconut fiber, often discarded as an agro-industrial solid waste, and the importance
of focused attention on arsenic contamination in water, this review surveys studies that use this biomass to remove
arsenic, a potentially toxic element.

2. Coconut Fiber

Coconut fiber comes from the common coconut palm (Cocos nucifera L.) and consists, mainly, of
lignocellulosic materials (cellulose, hemicellulose, lignin), along with pectin and minerals [7,26]. The levels of
these components in coconut fiber can vary depending on factors such as origin, fiber maturity, fiber type, and
season. Typically, coconut fiber contains 30—47% cellulose, 30—45% lignin, 10-25% hemicellulose, and 1-4%
ash [27].

The coconut husk consists of three layers (Figure 1): the outer layer, the epicarp; the middle layer, the
mesocarp, which contains fibers; and the inner layer, the endocarp [27]. Coconut fiber is obtained from the
mesocarp, the thick, fibrous middle portion of the fruit, which typically ranges from 3 to 5 cm in thickness. This
fiber is notable for its superior elasticity relative to other plant fibers, along with high rigidity and excellent
resistance to humidity and extreme climatic conditions [26,28].

Coconut fiber is a versatile material used for various purposes, such as agricultural substrate, biodegradable
packaging, mattresses and tiles, non-structural concrete, composites, asphalt mixtures, doormats and brushes,
agglomerates, car seats, paper production, enzyme production [27], as well as an adsorbent material for different
chemical species [19].
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Figure 1. Schematic representation of the parts of a coconut.

Cellulose, one of the main components of coconut fiber, is a linear polysaccharide composed of linked
glucose monomers. It has a high molecular weight, a crystalline structure, and is resistant to hydrolysis. Cellulose
contributes to the fiber’s high strength, rigidity, and structural stability [29]. Along with this structure,
hemicellulose is a polysaccharide composed of sugars such as glucose, xylose, galactose, arabinose, and mannose.
Hemicellulose is amorphous, has low mechanical strength, and acts as a binder between cellulose and lignin [29].
Lignin is an amorphous, phenolic polymer composed of phenylpropanoid units. Lignin provides structure to the
cell wall and helps maintain its rigidity [4]. In addition to these components, pectin acts as a binding agent, helping
preserve cell wall structure.

Cellulose is the most abundant polymer on Earth and serves as a key structural element in natural fibers. This
polysaccharide is widely found in plants and cells as microfibers that form bundles, significantly affecting the
material’s mechanical properties. It has a linear structure and forms hydrogen bonds between hydroxyl groups.
The structure of cellulose is shown in Figure 2. The hydroxyl (OH) group acts as an active site and is essential for
adsorbing potentially toxic metals because hydroxyls strongly interact with metal ions, promoting their removal [30].
Therefore, a material’s adsorption capacity is directly related to the number of available hydroxyl groups, as they
form bonds with toxic metal ions [31]. Additionally, the presence of hydroxyl groups in cellulose enhances the
fibers’ water-absorption capacity [10,28,32].

CH,OH

CH,OH OH

CH20H
CH,OH OH
CH,OH o o
A OH
0 4
v
OH

OH
HO

OH
Figure 2. Cellulose structure.

3. Use of Coconut Fiber as an Adsorbent Material

Table 1 presents a selection of studies that used coconut fiber as an adsorbent for organic and inorganic
species, both in its natural and modified forms. The most commonly used chemical pretreatments were alkaline
(sodium hydroxide) and acid (sulfuric or phosphoric acid). Also noteworthy is the use of coconut fiber, after
conversion to biochar [12], in which the biomass was subjected to high temperatures in the absence of oxygen.
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Table 1. Examples of the use of coconut fiber as an adsorbent material for the removal of chemical species from
aqueous matrices.

Species Pretreatment Removal, % Reference
Biochar with ferrous sulfate heptahydrate and urea 96
. Biochar with ferrous sulfate heptahydrate 89
Rhodamine-B Biochar with urea 81 [12]
Biochar 74
Cr Biochar 99.9 [9]
Cd >95
Cr >95
%111 In natura igz [19]
Pb >95
Zn >95
In natura 99.32
Pb Saccharomyces cerevisiae yeast cells 99.87 [20]
Cellulases from Trichoderma reesei ATCC 26921 In natura 91
Cellulases from Trichoderma reesei ATCC 26922 Sodium hydroxide 69
Cellulases from Trichoderma reesei ATCC 26923 Sulfuric acid 86
Cellulases from Trichoderma reesei ATCC 26924 Sulfuric acid and sodium hydroxide 53 [33]
Cellic Cellulases Ctec2 In natura 81
Cellic Cellulases Ctec3 Sodium hydroxide 48
Cellic Cellulases Ctec4 Sulfuric acid 84
Cellic Cellulases Ctec5 Sulfuric acid and sodium hydroxide 55
Cu Biochar with calcite 87.7 [15]
Malachite green dye Biochar with phosphoric acid 99.9 [13]
Congo red dye In natura 99.9 [34]
In natura 98.80
Safranin-O dye Phosphoric acid 99.31 [35]
Sulfuric acid 99.01
Pb Magnesium-coated biochar 59.35 [16]
Cr Calcium chloride 99.75 [21]
Phenol red dye 89.76
Remazol-R Brilliant Blue Dye In natura 75.78 [36]
Nanocrystalline zinc oxide In natura 90 [37]
Remazol red dye Activated c}?;lzl(igcvgll;l;i(z:lgzi;hlorlde and 75 38]
Bisphenol-A Sulfuric acid 77.71 [18]
cr Sulfuric acid 60
Ni 90 * [22]
Cr In natura 86
Ni 99
Dyes Activated carbon with phosphoric acid 96.39 [14]
Li Pyrolysis with manganese dioxide 57 ** [17]

* Estimated value from the graph presented in the paper. ** Estimated value based on the data available in the article.

The treatment applied to biomass generally plays a crucial role in the efficiency of chemical species removal,
especially in environmental systems where matrices can be complex. The form and conditions of this treatment
are designed to modify the biomass surface, specifically the specific surface area, pore distribution, and the
presence of functional groups, to improve the removal of targeted species. In chemical treatments, functional
groups are introduced into the adsorbent material to enhance electrostatic interactions and complexation with
chemical species, particularly metal ions and organic dyes. Therefore, selecting the most suitable treatment must
account for the nature of the biomass, the chemical species targeted for removal, and the matrix under study.
Overall, the effectiveness of biomass as an adsorbent or remediation agent depends on the synergy between its
intrinsic properties and surface modifications induced by treatment, which directly influences the efficiency of
removing chemical species from aqueous solutions or industrial effluents.

In the safranin-O dye adsorption process, for example, the removal results obtained with raw fibers and those
pretreated with phosphoric acid and sulfuric acid were compared. The acid-treated fibers exhibited slightly higher
dye adsorption than the raw fibers [35]. In adsorption of Trichoderma reesei cellulases, both raw fiber and fibers
pretreated with sodium hydroxide and/or sulfuric acid were used, and the raw fiber proved more effective for
removal [33].
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Table 1 shows that studies on coconut fiber focus on potentially toxic elements, including lead, nickel,
chromium, and lithium. Specifically, various biomasses, including coconut fiber, have been examined for arsenic
species removal because of their presence in effluents and their high toxicity potential.

4. Use of Coconut Fiber as an Adsorbent Material for Arsenic

Various biosorbents have been proposed for removing arsenic from water. For example, when orange peel
was used, about 85% of arsenic was removed from real water systems [5]. The use of iron-impregnated biochar
produced by thermal pyrolysis of corn straw achieved As(V) removal rates above 85% [39]. It is also possible to
achieve arsenic species removal rates exceeding 90% using sorbents made from agricultural residues, such as
maize powder [40], mango leaf powder, rice husk [41], pine leaves [42], and the peel and pulp of Citrus limetta [43].
For coconut fiber, as shown in Table 2, arsenic removal from water ranged from 20% with raw green coconut fiber
as the adsorbent to 99.85% with co-doped iron oxide and graphitic carbon nanosheets on coconut biochar. These
removal rates are consistent with results from other biosorbents derived from agricultural residues and highlight
the potential of coconut fiber.

Studies that use coconut fiber to remove arsenic from water are shown in Table 2. Most studies suggest
modifying coconut fiber to improve arsenic removal, including turning it into charcoal [24,44,45]. Some studies
have proposed impregnating biochar with various compounds to enhance its arsenic adsorption capacity. For
instance, coconut fiber biochar modified with cerium oxide has been reported as an effective adsorbent [46].
Similarly, coconut-derived biochar coated with graphitic carbon and iron has been reported to enhance arsenic
removal [23].

Although studies using modified coconut fiber generally show better arsenic removal efficiency, raw fiber is
more sustainable. Using the material in its natural form avoids the need for chemical reagents during treatment
and modification, thereby preventing the creation of secondary effluents and reducing the environmental impact
associated with producing these adsorbents. Furthermore, the process becomes leaner and faster by reducing the
number of adsorbent preparation steps and energy consumption, indicating that raw fiber is a less environmentally
burdensome alternative with a lower carbon footprint for effluent treatment, as it valorizes an agro-industrial
residue. However, in studies using raw fiber, arsenic removal was below 25% [30,47], indicating practical
difficulties with raw fiber.

Another observation is that, in general, studies are conducted in synthetic aqueous solutions. One exception
was the study on arsenic removal from landfill leachate using green coconut fiber [47]. In an experiment using
coconut fiber, the recommended sorption condition was achieved after 250 min of contact between the fiber and
the effluent at 22 °C and pH 8.3, resulting in a 20.1% reduction in arsenic from the initial level. It is important to
highlight that wastewater, such as leachate, is a much more complex matrix than synthetic aqueous solutions.
These matrices contain various organic and inorganic species that can compete for the adsorbent’s active sites [19].
Interactions among species can also be observed, further complicating the removal process [44].

Table 2. Examples of the use of coconut fiber as an adsorbent material for removing arsenic from aqueous matrices.

Biosorbent Contact Time, Min Temperature, °C pH Removal, %Reference
Composite based on biochar derived from coconut
shell loaded with cerium oxide 20 » 7 93 [46]
Activated coconut shell 90 7 89 [48]
Co-doped iron oxide and graphltlc carbon nanosheets 60 25 39 99 85 (23]
on coconut biochar
Coconut husk 30 25 - 22 [30]
Raw coconut husk and iron-impregnated coconut husk - 28 67 >93 [24]
Coconut fiber 480 50 4 96.2 [45]
Coconut charcoal 360 - 5 51.8 [44]
Ar%lon gxchanger prepared from coconut coir pith 30 30 7 992 [49]
carrying dimethylaminohydroxypropyl functional group
Green coconut fiber 250 22 8.3 20.1 [47]

It is important to recognize that the interaction between the species to be adsorbed and the functional groups
on the biomass surface depends on the specific characteristics of the sorbent and sorbate. These interactions include
complexation, electrostatic attraction, and ion exchange [3]. In coconut fiber, the presence of oxygen-containing
functional groups, such as hydroxyl and carboxyl groups, can enhance arsenic removal.

Given the potential interactions between arsenic and coconut fiber, adsorption studies are conducted to
elucidate these processes. Understanding how arsenic is removed from water systems requires a thorough analysis
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of kinetic models and adsorption isotherms to clarify the mechanism. Kinetic models in adsorption studies help
determine the rate of adsorption, evaluate how quickly it occurs, and identify the steps that control the process,
revealing how arsenic moves from the liquid phase to the coconut fiber surface over time. Adsorption isotherms,
such as the Langmuir and the Freundlich models, describe the equilibrium between arsenic in the liquid and solid
phases, enabling estimation of maximum adsorption capacity and the nature of the interaction between arsenic and
the fiber. These studies are essential for assessing whether the process is favorable and reversible, and whether it
occurs as a monolayer or multilayer.

Furthermore, the effectiveness of lignocellulosic materials in removing arsenic depends on experimental
factors, including pH, temperature, and initial concentration. pH is especially important because it affects arsenic
speciation and the adsorbent’s surface charge, which, in turn, influences electrostatic attraction and repulsion.
Temperature can alter activation energy and whether the process is endothermic or exothermic, whereas the initial
arsenic concentration affects how quickly active sites become saturated and the overall adsorption efficiency.
Therefore, studying these factors is crucial for optimizing operational conditions and developing efficient,
sustainable, and cost-effective removal methods.

4.1. Effect of pH

pH is a crucial parameter that affects adsorption by altering the adsorbent’s active sites and the adsorbate’s
charge. Generally, adsorption capacity increases with pH, reaching a peak within a narrow pH range before
declining at higher pH levels [24]. Additionally, depending on pH, arsenic can exist in various forms in water, and
its adsorption behavior on coconut fiber can change with different treatments. For example, in a study on As(III)
removal, it was observed that the solution’s pH influences the distribution of arsenic’s ionic forms: As(IIl) exists
as the neutral H3AsOs between pH 1 and 9, and as AsO,™ above pH 9. Consequently, in a study using coconut
charcoal, it was found that within the pH range 14, stronger van der Waals forces likely existed between the
solute and the adsorbent surface. As the pH approaches 5, the concentration of anionic species increases, leading
to enhanced arsenic adsorption by coconut charcoal due to more specific binding. At pH levels above 5, a decrease
in As(III) adsorption was observed, attributed to repulsive electrostatic forces [44].

In the case of biochar loaded with CeQO,, the recommended pH for removal was 7, indicating that the
adsorbent material has a positive charge, which favors the attraction of oxyanions of arsenic species H,AsO4~ and
HAsO42[46]. In studies on As(IIT) removal using co-doped iron oxide and graphitic carbon nanosheets on coconut
biochar, a pH range of 3—9 was recommended, with a sharp decrease in adsorption above pH 11. This result is due
to the negative zeta potential (pH_pzc) of coconut biochar, which decreases as the medium pH increases due to
the adsorption of OH™ and other anions on its surface [23].

When using an anion exchanger made from coconut coir pith bearing a dimethylaminohydroxypropyl weak
base functional group, As(V) adsorption was found to be quite constant over a pH range of 6—8 [49]. However, a
notable decrease in As(V) adsorption was observed when this pH range was not used. The influence of pH on
As(V) adsorption can be explained by the adsorbent’s structure and surface charge, as well as As speciation. Given
the adsorbent’s pHpzc of 8.4, the surface is positively charged below this pH, promoting the adsorption of
negatively charged anionic species. In the pH range of 3 to 6, As(V) mainly exists as HAsO4~, whereas at higher
pH, the divalent anion HAsO4 2 becomes predominant. In the intermediate pH range (6-8), both species coexist
and are adsorbed through Coulombic attraction. A decrease in pH below 6 results in reduced adsorption, even if
the adsorbent surface is positively charged and the sorbate species are negatively charged. In this case, the more
protonated As(V) species are less removed than the less protonated ones because there is a lack of electrostatic
attraction between the surface and the protonated As(V) species.

Another comparison can be drawn with previous studies that investigated chemically modified coconut fibers
for arsenic removal. In one case, As(Ill) removal was evaluated using fibers treated with HNOs and NaOH [45].
In another study, the adsorption of As(V) was investigated using fibers modified with epichlorohydrin in epoxy
ether [49]. The recommended working pH differed between the two studies: one suggested an optimal pH of 4 [45],
whereas the other investigated a broader pH range (2—10) and indicated pH 7 as favorable for adsorption [49]. As
shown, different treatments yield distinct removal conditions that depend on both the adsorbent structure and the
chemical species removed.

4.2. Temperature Study

Generally, higher temperatures promote adsorption. Several reasons explain why a material’s adsorption
capacity increases with rising temperature [50]. Increasing temperature increases the adsorbent’s pore size, altering
its surface properties. In this context, there may be more active adsorption sites and a thinner boundary layer
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around the adsorbent, thereby reducing the adsorbate’s mass-transfer resistance. Diffusion should also be
considered, as it is an endothermic process that enables adsorbate diffusion through the adsorbent’s pores at higher
temperatures [45].

When comparing three studies on arsenic adsorption in coconut fiber, each study reported results at the
recommended temperature. The adsorption of As(II) onto coconut fiber treated with nitric acid and sodium
hydroxide was evaluated over a temperature range of 10 to 50 °C, with 50 °C identified as optimal [45]. In another
study, the adsorption of As(V) was assessed using an anion exchanger derived from coconut coir pith
functionalized with a dimethylaminohydroxypropyl group, at temperatures between 20 and 50 °C, with 30 °C
recommended as the most favorable condition [49]. Additionally, arsenic removal using raw coconut fiber was
investigated over the temperature range 2545 °C, with 25 °C reported as optimal [30]. Table 2 shows that most
studies report temperatures between 22 and 28 °C, with good arsenic removal, such as the 95% removal achieved
with a composite based on biochar derived from coconut shell loaded with cerium oxide. These results indicate
that, regardless of the treatment applied to the coconut fiber, the recommended removal temperatures are close to
room temperature. This procedure is important for real-world applications, where adjusting temperature is difficult
and costly.

4.3. Adsorption Kinetics and Adsorption Isotherm

Contact time is a key factor affecting the efficiency of the adsorption process. In tests with coconut fiber,
adsorption first increases with time and then slowly levels off as it reaches equilibrium. Over time, the number of
available adsorption sites decreases until saturation [45]. The suggested contact time for arsenic removal using
coconut-based materials ranges from a few minutes to several hours (Table 2). For example, in an experiment
using a coconut coir-derived anion exchanger, the amount of adsorbed As(V) increased rapidly during the first 30 min
and then gradually approached saturation over approximately 4 h [49]. The adsorption of As(V) remained constant
after 4 h, indicating that equilibrium was reached. As shown in Table 2, some studies note rapid arsenic adsorption
(20-30 min) onto coconut fiber, even at low temperatures (25-30 °C) [30,46,49]. Other studies indicate longer
contact times, as in the adsorption of As(IIl) by coconut biochar, which showed a tendency toward stability after
60 min [23].

In general, adsorption kinetics are typically studied by varying the adsorbate concentration and the adsorbent
dosage to develop pseudo-first- and pseudo-second-order kinetic models. These studies help evaluate how
adsorption occurs and determine its rate. Using equations such as the Langmuir and the Freundlich models enables
fitting adsorption isotherms to estimate the biosorbent’s maximum adsorption capacity and to select the model that
best fits the data.

Comparisons of adsorption behavior between unmodified and modified coconut fiber are also performed,
similar to the study with raw coconut husk and modified iron-impregnated coconut husk [24]. In addition to
comparing experimental conditions to enhance As(IIl) removal, the kinetic data were better described by the
pseudo-second-order model than by the pseudo-first-order model, with intraparticle diffusion-controlled
adsorption observed for both adsorbents. Regarding equilibrium isotherms, the Freundlich and Redlich-Peterson
models provided the best fit.

Other studies also have indicated that the pseudo-second-order model best fits the adsorption kinetic data,
suggesting that chemical sorption is the rate-limiting step in the adsorption mechanism, as this model accounts for
surface adsorption, liquid-film diffusion, and particle diffusion [23]. This was the case in the sorption study of
As(I1I) using coconut charcoal [44], co-doped iron oxide and graphitic carbon nanosheets on coconut biochar [23],
and As(V) using biochar decorated with cerium oxide composite [46]and an anion exchanger prepared from
coconut coir [49]. When As(IIl) removal was tested using coconut fiber treated with nitric acid and sodium
hydroxide, the pseudo-first-order kinetic model fit the data better than the pseudo-second-order model [45].

4.4. Recovery and Reuse of Coconut Fiber

Typically, studies on recovering adsorbent materials to evaluate their reuse potential are conducted through
sequential experiments with the recycled adsorbent, which may involve solvents, acidic or basic solutions, and
heating steps. For example, in the case of biochar derived from coconut shells loaded with cerium oxide, the
material was placed in contact with a NaOH solution under stirring for 1 h, and it was found that, after washing
and drying, there was a reduction in adsorption capacity to 82% after five continuous cyclic experiments [46]. For
coconut charcoal, the highest As(IIl) desorption values were obtained with a 0.5 M NaOH solution [44]. In
adsorption-desorption cycles repeated six times using the same material, more than 90% of the initial adsorption
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capacity was retained. These studies are important for improving the economic viability and sustainability of the
adsorption process [44].

5. Conclusions and Perspectives

This research emphasizes the potential of coconut fiber as an alternative adsorbent for arsenic removal from
water, underscoring the value of lignocellulosic residues in bioremediation. Using agro-industrial residues, such
as coconut fiber, supports green chemistry and the circular economy by enabling the reuse of abundant, low-cost
materials, reducing environmental impacts associated with improper disposal, and advancing sustainable treatment
methods. Structural and surface modifications to coconut fiber significantly affect removal efficiency by altering
physicochemical properties and potentially enhancing the formation of functional groups that interact with arsenic
species. A thorough understanding of these effects requires combining physical and chemical analyses with
experimental data modeling, using kinetic and isothermal models to clarify adsorption mechanisms and identify
limiting steps. The impact of experimental variables is also vital for system optimization, as these factors affect
active site availability and the balance between solid and liquid phases. Systematic evaluation of these parameters
clarifies interactions and identifies operational conditions that maximize efficiency. Despite these advances,
significant gaps remain, particularly in applying coconut fiber to real-world samples such as industrial effluents,
contaminated groundwater, and leachate, where competing ions and organic matter can significantly affect
performance. Research addressing these conditions is crucial for confirming system behavior in environmentally
relevant scenarios. Transitioning from benchtop experiments to full-scale applications is a critical step in
developing the adsorbent, as many materials that perform well under controlled conditions may fail in complex
real-world effluents due to matrix composition and flow dynamics. Therefore, understanding how matrix
composition, including competitiveness and interferents, affects adsorption is necessary for scaling up and
validating in real systems. This should include studies of ionic strength, the presence of other elements and organic
matter, and comparative tests with various real effluent samples. Assessing the feasibility of shifting from batch
to continuous-flow processes is also recommended for future research. Additionally, evaluating the overall
sustainability of the process-including the potential to regenerate and reuse coconut fiber after multiple adsorption-
desorption cycles-is essential. Such evaluations are needed to estimate the cost-benefit ratio and environmental
impact of large-scale use. Continued research is necessary to scale up the process and apply laboratory findings in
practical operations, helping establish coconut fiber as an effective, economical, and environmentally friendly
solution for reducing arsenic contamination in water environments.
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