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Abstract: Contamination by heavy metals poses a risk to human and environmental health, as it causes
contamination of soil, water, food, and living organisms. The application of nanotechnologies for this
purpose has emerged in the need to seek technologies that facilitate the removal of heavy metals and
their ions. The present study aimed to evaluate relevant studies in the literature on the application of
nanotechnologies in the removal of heavy metals. The study is a systematic review that analyzed articles
published in the Scopus, Embase, ScienceDirect, and Web of Science databases between 2019 and the
present. 19 articles were included in the review, which were selected after careful application of
selective methods. The studies included in the review describe nanomaterials associated or not with
other compounds, such as membranes and organic structures, in the removal of heavy metals, with
emphasis on metals such as Cd, Pb, Mg, and Cu and their ions. The studies reveal that the nanomaterials
used to remove heavy metals have high adsorption activity, as reported for the Hg?* ion, which obtained
99.9% removal with the use of Hg-selective magnetic composite nanomaterial.
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1. Introduction

Heavy metals are disposed of in the environment, acting as natural agents or coming
from industrial, chemical, and agricultural environments. Being non-degradable and therefore
requiring their removal, heavy metals in high dosages act with a harmful effect on living
organisms, especially cadmium (Cd), lead (Pb), and copper (Cu) [1]. Heavy metals can
contaminate agricultural chains, being incorporated into the food chain through leaching into
groundwater or bioaccumulation in the human body, which can cause neurotoxicity,
nephrotoxicity, and hepatotoxicity [2].

Among the existing heavy metal removal methods, adsorption stands out because it
allows the removal of trace contaminants, is considered a simplified operating process, enables
the regeneration and reuse of the adsorbent, has high efficiency, and does not produce harmful
intermediate compounds [3].

When choosing an efficient adsorbent, several characteristics must be considered. The
physicochemical and mechanical properties directly influence the adsorption coefficient.
Efficient adsorbents must exhibit recyclability, porosity, low cost, availability, fast kinetics,
high regeneration potential, thermal and chemical stability, large specific surface area, and
excellent removal efficiency [4,5].
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Different compounds have been studied as adsorbent agents of heavy metals, the use of
electrospun fibers [6], zeolitic compounds [7], several biomasses such as Ulva flexuosa [8],
Leucaena leucocephala [9], Moringa oleifera [10, 11] and Cocos nucifera [12], are evaluated
and have relevant adsorption capacity, but new compounds are being studied for the removal
of heavy metals applying the use of nanotechnological products and nanocomposites.

Nanocomposites are lightweight, high-strength structural materials with functionalities
to detect, restore, transform, repair, and adapt, being products of natural or synthetic origin
with combinations that allow unique mechanical properties that enable a wide range of
applications [13].

Nanocomposites are described as emerging technologies that can be applied in the most
diverse fields of science. The use of this technology is already described as a possibility for the
treatment of breast cancer through the application of nanocomposites based on carbohydrate
polymers [14], heterostructured nanocomposites doped with lanthanides are studied for
information storage [15], and nanocomposites based on terbium, carbon and oxygen
nanostructures are already evaluated as photocatalysts under UV/Visible light for the removal
of organic pollutant compounds in water [16].

Nanostructured compounds in removing pollutants and organic contaminants in water
have been shown to be efficient. The catalytic reduction of nitroaromatic compounds in
wastewater by means of nanostructured materials is a promising process; the use of hybrid
NiCo2S* (Fe, Co, Ni) 958 nanosheets has been shown to be efficient in reducing 4-nitrophenol
to 4-aminophenol [17].

Nanostructured materials are also proving to be an emerging technology for inorganic
compounds, such as heavy metals. Nanostructured Au/TiO2 and Y2 membranes have been
presented as an alternative arsenic in aqueous medium. In addition to removal, nanocomposites
can be used to identify pollutants. The use of a copolyester called poly(butylene adipate-co-
terephthalate) (PBAT) and carbon nitrite dots (CNDs), which combines aliphatic and aromatic
structures, having thermal and mechanical properties that works as a biodegradable
electrochemical sensor, being able to detect copper and cadmium, with electrochemical activity
with sensitivity of (3.79 £ 0.21) x 10°° (mA cm™2) (M)™* for cadmium and (2.06 + 0.14) x 107
(mA cm™2) (M) for copper, considered excellent [18,19].

Because of the above, the present systematic review aims to investigate the applicability
of nanotechnologies, such as nanocomposites, nanocomposites, associated or dissociated
nanostructured materials in the adsorption of heavy metals, through the analysis of relevant
studies on the subject. The study elucidates the different aspects that involve the adsorbent
capacity of nanotechnologies, among them the influence of physicochemical characteristics,
mechanical properties, and the influence of the medium, such as pH and concentration in the
adsorption capacity and isotherms. Finally, an analysis describes the challenges and future
perspectives for applying nanotechnologies in the adsorption of heavy metals.

2. Materials and Methods

The present study is a systematic literature review based on the study by Pagani et al.
(2015) [20]. The study is a qualitative approach with objectives classified as exploratory. The
systematic review aims to answer a scientific question through the search and systematic
synthesis of the available literature on the theme addressed and critical analysis of the studies
using methods pre-established by the researcher [21]. The systematic review allows the
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complete analysis of a topic with the literature as a data source, providing a means for future
investigations on the topic [22].

The potential studies to compose the systematic review were identified through a
comprehensive strategy. First, the electronic databases Scopus, Web of Science, ScienceDirect,
and Embase were selected. The search for articles took place between October and November
2023.

In a second moment, the descriptors used for the search were defined considering
English, Spanish and Portuguese, together with the Boolean operator "AND", which resulted
in the following crossings: 1) Adsorption AND heavy metals AND nanomaterials AND
nanocomposites AND adsorptive nanotechnologies; 2) Adsorcdo AND metais pesados AND
nanomateriais AND nanocompdsitos AND nanotecnologias adsortivas; 3) Adsorcion NAD
metales pesados AND nanomateriales AND nanocompuestos AND nanotecnologias
adsorbentes.

Thirdly, inclusion and exclusion criteria were defined, and articles for inclusion were
defined as studies published between 2019 and the present moment, available in full, studies
within the theme addressed in the research and studies in Portuguese, English, and Spanish,
studies available in full, original experimental articles, were included. Studies that were not
available in full, outside the time frame and language proposed, review articles, editorials,
reports, monographs, dissertations, theses, abstracts, books, and book chapters were excluded.

In the last moment, the selection process was defined, and 4 stages were established: 1)
analysis and selection through the reading of titles; 2) analysis and selection through the
reading of abstracts; 3) analysis and selection through the reading of the texts in full; 4) analysis
of the quality and classification of the articles selected by the checklist for a systematic review
of the Critical Appraisal Skills Programme (CASP) [23].

The Critical Appraisal Skills Programme classifies studies into two categories, namely:
Category A) study with low risk of bias and meets at least 9 of the 10 items proposed, with
studies classified as relevant, with good methodological design, reasoned analysis, and clear
objectives; Category B) studies with moderate risk of bias and meets at least 5 of the 10 items
proposed.

3. Results and Discussion

3.1. Result of the analysis and selection of articles.

A total of 2,124 articles were found in the databases. By filtering by inclusion and
removing duplicates, 1,759 articles were excluded, and 365 articles were chosen for reading
titles. After reading the titles, 130 studies were selected for reading abstracts, where 94 articles
were excluded, and 36 studies were chosen to be read in full. With the analysis of the full text
of the articles, 19 articles were considered eligible to compose the systematic review, and 17
studies were excluded because they described other adsorption methods, were not
nanotechnologies, or removed compounds that were not heavy metals. After quality analysis
using the CASP checklist, the 19 articles were analyzed, and the final review version was made.
Figure 1 shows the steps for selecting the articles that make up the review.
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Figure 1. Flow chart Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

selection of the articles that comprise the systematic review.

The articles included in the review were classified according to the year of publication,
according to data from Scopus, Embase, ScienceDirect, and Web of Science. The prevalence
of studies published in 2023 was evident with 31.59% of the studies (6 articles), followed by
2019 and 2021 with 21.05% of the studies (4 studies each). The data according to year of

publication is shown in Table 1:

Table 1. Number of articles included per year of publication (2019-2023).

Year of publication Quantity % of 19
2019 4 21.05
2020 2 10.52
2021 4 21.05
2022 3 15.78
2023 6 31.59

Table 2 shows the characterization of the studies that make up the systematic review in

terms of article title, author/reference, and year of publication.

Table 2. Characterization of the study in terms of title, reference, and year of publication.

Title Author | Year
Mesoporous nanomaterials based on manganese with different interlayer alkali cations: An efficient | [24] 2021
approach for the removal of Pb(Il) and Cd(ll) from aqueous medium

Adsorption and desorption of phenanthrene by magnetic graphene nanomaterials from water: Roles | [25] 2019
of pH, heavy metal ions, and natural organic matter

A facile synthesis of ibandronate modified hydroxyapatite renewable nanomaterials for [26] 2022
simultaneous removal of Cu?*/Pb?* and chlortetracycline: Experimental design and adsorption

mechanism study

Facile synthesis of bismuth and iron co-doped hydroxyapatite nanomaterials for high-performance [27] 2023
fluoride ions adsorption

Synthesis of amine functionalization carbon nanotube-low symmetry porphyrin derivatives [28] 2021
conjugates toward dye and metal ions removal

Assessing sustainable Lutetium(l11) ions adsorption and recovery using novel composite hybrid [29] 2023
nanomaterials
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Title Author | Year
Removal of cu(li), pb(ii), mg(ii), and fe(ii) by adsorption onto alginate/nanocellulose beads as bio- [30] 2021
sorbent

Copper-doped ZIF-8 nanomaterials as an adsorbent for the efficient removal of As(V) from [31] 2023
wastewater

Fe-based ceramic nanocomposite membranes were via e-spinning and vacuum filtration to remove [32] 2019
Cd2*ions

Stripping of Cu ion from aquatic media by means of MgY204@g-C3N4 nanomaterials [33] 2023
Application of response surface methodology for simultaneous removal of major cations from [34] 2020
seawater using metal oxide nanostructures

A poly ethanolamine nano dendrimer as a magnetic hybrid material for fast adsorption of heavy [35] 2022
metal contaminants

Silver nanoclusters encapsulated into metal-organic frameworks for rapid removal of heavy metal [36] 2019
ions from water

Mesoporous silica/iron phthalocyanine light-driven nanomaterials for efficient removal of Pb?* lons | [37] 2023
from wastewater

Removal of thallium(l) from aqueous solutions using titanate nanomaterials: The performance and [38] 2020
the influence of morphology

Facile adsorption-electroflotation method for the removal of heavy metal ions from water using [39] 2023
carbon nanomaterials

Macrocyclic host appended carbon nanotubes for selective adsorption of metal ions: Combined [40] 2019
experimental, DFT and MD studies

Synthesis and application of titania nanotubes and hydrous manganese oxide in heavy metal [41] 2021
removal from aqueous solution: characterization, comparative study, and adsorption kinetics

Synthesis of magnetic CuS composite nanomaterial and its specific adsorption of Hg(ll) in water [42] 2020

Analyzing the studies that are part of the review, it was possible to notice that studies
carried out in the Asian continent stand out of the 19 selected articles, 14 were carried out in
countries of the Asian continent, representing 73.68% of the articles that make up the review.
Studies carried out in China (36.86%), Saudi Arabia (10.52%), India (10.52%) and Iran
(10.52%) stand out. There was a dissipation of studies about the scientific journal of
publication, with no studies published in the same journal. When analyzing the 19 articles
through the CASP checklist, all of them were classified as the maximum quality level (Level
A), as they answered at least 9 of the 10 items proposed. The characterization of the journal,
study location, and quality level can be seen in Table 3.

Table 3. Characterization of the studies in terms of journal, study location, and CASP quality level.

Author | Journal Study location Quality level CASP
[24] Journal of Water Process Engineering Morocco A
[25] Chemical Engineering Journal China A
[26] Journal of Cleaner Production China A
[27] Journal of Environmental Chemical Engineering Ethiopia A
[28] Journal of Molecular Liguids Saudi Arabia A
[29] Journal of Molecular Structure Bangladesh A
[30] Journal of Renewable Materials Egypt A
[31] Journal of Physics and Chemistry of Solids China A
[32] Chemosphere United States A
[33] Water (Switzerland) Saudi Arabia A
[34] Water SA South Africa A
[35] Journal of Materials Science: Materials in Electronics Iran A
[36] Molecules China A
[37] ACS Applied Nano Materials China A
[38] Science of the Total Environment China A
[39] Environmental Science and Pollution Research India A
[40] Molecular Systems Design and Engineering India A
[41] Theoretical Foundations of Chemical Engineering Iran A
[42] Chinese Journal of Applied Chemistry China A

As can be seen, authors from several countries have studied and pointed out the use of
nanotechnologies as a trend for heavy metal adsorption. The next section presents the main
results from the studies selected to be part of the systematic review, presenting a synthesis

based on the authors' discussions on the theme.
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3.2. Application of nanotechnologies in the adsorption of metal ions.

Amarray et al. (2021) sought to synthesize nanomaterials based on manganese oxide
called K-MnO; and H-MnO; and evaluate the adsorption capacity of 2" ions of the heavy
metals lead (Pb) and cadmium (Cd) in aqueous medium. The synthesis of K-MnO; was based
on a hydrothermal process of hydrochloric acid (HCI) solution and potassium permanganate
(KMnO:s) solution. The H-MnO; nanomaterial was elaborated by exchanging K* ions inserted
into K-MnO; with H* ions and treated with a nitric acid solution (HNOs). The nanomaterials
K-MnO; and H-MnO- showed high affinity for Pb(ll) ions; with 5 minutes of treatment, the
removal efficiency rates reached 98.67% and 97.6% for K-MnO_ and H-MnO.. For Cd(Il) ions,
after 15 minutes of treatment, the efficiency rates were 95.45% and 73.96% for K-MnO. and
H-MnO-, respectively, demonstrating the highest removal efficiency for the K-MnO;
nanomaterial [24].

The HA nanomaterial co-doped bismuth (Bi) and iron (Fe), Caio-(x+y) Bix
Fey(PO4)s(OH)2, where x and y = 0.3, 0.4, 0.5 and 0.6, and x +y = 0.9, were prepared using a
co-precipitation method, taking into account the atomic ratio (Ca + Bi +Fe)/P of approximately
1.67. The nanomaterial was evaluated as an adsorbent against fluoride ion (F). The pH change
was identified as an influencing factor on the F- adsorption rate, according to which the pH
increased from 3to 11, and the efficiency rate varied from 96.87% to 76.6%. In the pH variation
from 3 to 7, the efficiency rate varied from 96.87% to 91.17% and 90.36% to 76.6% as the pH
varied from 8 to 11. It is revealed that the Bi-Fe-HA nanomaterial has excellent F- adsorption
capacity’ it is still noticeable that the surface of Bi-Fe-HA is positively charged, but due to the
extra charges and excess OH, the surface to be negatively charged, causing the process of
removing F- ions to repel each other, making the Bi-Fe-HA unstable at pH below 3 [27].

Nanomaterial MgY20.@g-CsN4 evaluated as an adsorbent of copper ion (Cu?") in an
aqueous medium was proposed by Modwi et al. (2023). The tests were carried out in
experimental batches in glasses of 0.025 L and 10 mg of MgY204@g-CsN4, and the addition
of Cu(ll) at concentrations of 5 to 200 ppm. The number of adsorbed ions and the equilibrium
magnitude qt were calculated using equations (1) and (2):

1
de = B(Co —-CYV 1)

G = (Co—COV @

Where V, Co, Ce, and Ct are the volume of the solution (L), initial concentration,
equilibrium concentration, and concentration at time t of Cu(ll) metal ions (mg/L) in solution,
and m is the mass of the adsorbent (g). Analyzing the effect of Cu(ll) concentration in the
concentration range 5 to 200 mg/L, with 10 mg of MgY204@g-CsNsa, it was observed that when
the Cu(ll) concentration increases, the amount of adsorbed ions also increases continuously
from 9.85 to 250 mg/g [33]. Different parameters applied to equilibrium isothermal constants
for Cu(ll) adsorption by the nanomaterial MgY204@g-C3N4 can be seen in Table 4:

Table 4. Different equilibrium isothermal constants for Cu(ll) adsorption of MgY204@g-CsNa [33].

Equilibrium model Parameter Cu®
Langmuir gm (mg-g!) | 290.7
Freundlich Ke(L.mg?l) |11.36
Temkin B (J.mol™}) 85.65
Dubinin-Radushkevich | 4 (mol2.J7?) 2.0.95 x 1078
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The application of carbon-based nanomaterials is one of the main nanotechnologies
developed for the removal of heavy metals. Carbon-based nanocomposites tend to have 95%
structure composed of carbon, 1-6% oxygen, <1% chlorine, and 5% cobalt. A study of
adsorption of ZnSOa4, NiSOs, CuSO4, CoSOs4, and FeSO4 at a concentration of 10-250 mg/L,
using carbon nanotubes (CNTSs) and carbon nanoshells (CNSs) as adsorbent material revealed
good results with emphasis on Ni adsorption by CNS and Zn by CNT [39].

Deb, Sapu, and Ali (2019) also evaluated the use of carbon nanotubes in the adsorption
of heavy metals but associated the nanotechnology with a macrocyclic host for selective
adsorption, a crown ester, and the nanomaterial was named CNT-B15C5. The results with the
use of CNT-B15C5 showed that the associated nanotube has a higher adsorption capacity than
free CNTs. CNT-B15C5 demonstrated high adsorption capacity for Na™ and K* ions but has
zero adsorption for Li* ions. Being an alternative to produce high-purity lithium compounds
[40].

The environment needs lead adsorption, especially its Pb?* ion, as it harms human and
environmental health most. Several studies have begun to apply nanotechnologies to remove
this contaminant. The synthesis of light-driven mesoporous silica-iron phthalocyanine (IP)
nanomotor has been proposed by Pan et al. (2023) as an efficient alternative for removing Pb?*
ions from wastewater. Free mesopora silica demonstrates low adsorptive activity of only 18.2
mg/g for Pb?" ions. The light-driven nanomotor of synthesized mesoporous silica has a high
Pb?" adsorption capacity, with saturated adsorption of 80.3 mg/g. Introducing the
phthalocyanine functional group does not significantly improve adsorption capacity [37].

A renewable hydroxyapatite nanomaterial modified with ibandronate called
ibandronate nanofunctionalized hydroxyapatite (IB-HAP), studied in the simultaneous removal
of Cu?" and Pb?" ions, showed relevant adsorption capacity. Evaluating the influence of pH on
adsorption by the nanomaterial, it is observed that the adsorption capacity of Cu?* increases
with the increase of the pH value; for the Pb?* ion, the reverse process occurs. The synthesized
nanomaterial obtained an adsorption capacity of 1565.3 (Pb%") and 246.71 (Cu?") mg/g,
respectively [26].

The adsorption of coexisting organic and inorganic compounds by nanomaterials is
reported by Huang et al. (2019). The author describes that the magnetic graphene nanomaterial
in the adsorption of phenanthrene coexisting with Cd(l1) and As(V) ions, the presence of the
organic compound, and the metal ions are suppressed [25]. Wang et al. (2023) evaluated the
adsorption capacity of a nanomaterial called Cu-ZIF-8, synthesized from 2-methylimidazole,
zinc nitrate hexahydrate, and copper nitrate trihydrate, against the As(V) ion. The amount of
As(V) adsorbed was calculated by equation 3:

q = (CO - Ce)v (3)
m

Where q is the adsorption capacity of As(V) (mg/g), Co is the initial concentration of
As(V), Ce is the concentration of As (V) in wastewater, V is the amount of wastewater (L), and
m is the amount of Cu-ZIF-8 (g). The tests were performed with initial concentrations of As(V)
ranging from 1.0 to 350 mg/L, at a constant pH of 7, with the highest adsorption capacity of
238.11 mg/g, when the initial concentration of As(V) was 300 mg/L [31].

The synthesis of nanotubes for heavy metal adsorption has been described by Saleh et
al. (2021) and Delavar et al. (2021). The application of titanium nanotubes (TNT) and hydrated
manganese oxide (HMO) synthesized via hydrothermal synthesis against Cd?* and Cu?* ions
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proved feasible. Kinetic studies revealed that the kinetic model of TNTs and HMOs is pseudo-
second order. The equilibrium data shows an increase in the adsorption of ions with the increase
of the initial concentration, with the TNTs having a greater adsorption capacity, so that the
concentrations of Cd?* and Cu?* ions were 49 and 47 mg/g, respectively, at a concentration of
200 mg/L for TNTs and 37 and 34 mg/g for HMO1, respectively. Carbon nanotubes with amine
functionalization were tested against Ni, Cd, Pb, As, Cr, Cu, and Fe ions, showing adsorption
capacity for all ions and demonstrating a maximum capacity of 100% at different pH [28,41].

Studies evaluate the use of sustainable composite hybrid nanomaterial (HCM)
synthesized by the acid organic ligand (3-(methoxycarbonyl)benzylidene)hydrazinyl) benzoic
acid and the magnetic hybrid nanomaterial coated with triazine-based dendrimer
(Fe30:4@SiO,@D-G3). HCMs were tested against lutetium ions (Lu(l1)), and pH had a strong
influence on the adsorption isotherms. The maximum adsorption capacity was 171.76 mg/g
Lu(ll). The magnetic hybrid evaluated for adsorption of Pb(Il) and Cd(ll) ions showed high
adsorption efficiency in an aqueous medium (93.6% and 98.5%, respectively). Metal ions were
adsorbed by coordination with amine and hydroxyl groups, triazine amine, and electrostatic
interactions [29, 35].

Alginate mixed with cellulose nanocrystals (CNC), cellulose nanofibers (CNF), and
tricarboxylate cellulose nanofibers (TPC-CNF) were also the object of study for the removal
of metal ions from Cu(ll), Pb(ll), Mg(ll) and Fe(ll). The Alg-TPC-CNF composite
demonstrated excellent removal capacity, around 95% for Pb, 92% for Cu, 43% for Fe, and
54% for Mg [30]. The use of nanomaterial-based on a-Fe,?* oxide for the adsorption of Mg**
metal ions also presents relevant results. The nanomaterial synthesized from o-Fe2** oxide has
demonstrated an adsorption rate of 85% for Mg?* ions in seawater [34].

Nanomaterials are reported to be good adsorbents of heavy metals in liquid media.
Silver nano agglomerates (AgNCs) encapsulated in porous metal-organic structures of ZIF-8
(MOF-AgNCs) used as adsorbents of Pb?* and Mg?* revealed that the amount of dispersed Ag*
is lower when encapsulation occurs, being less harmful to the environment. Due to the porosity
of ZIF-8, metal ions enter more easily inside the MOF, facilitating adsorption by AgNCs [36].

Synthesis of nanomaterials for the removal of thallium(l) and mercury(ll) from water
have been reported by Wang et al. (2020) and Wang and He (2020). Titanium nanomaterials
used in aqueous solutions to remove thallium (1) were developed through TNM-6, TMN-30,
and TNM-72 nanotubular structures. The difference in the nanotubes is linked to the alkaline
hydrothermal method applied in the synthesis of obtainment. TNM-6 and TNM-72 showed
increased TI(I) adsorption capacity in the first 15 minutes, while TNM-30 increased after 2
hours. The maximum adsorption capacities of TI(I) in TNM-6, TNM-72, and TNM-30 were
609.756, 657.895, and 710.400 mg/g, respectively. A CuS magnetic composite nanomaterial
(Fes04@Si0.@CuS) employed for H2* removal in aqueous medium exhibited fast adsorption
kinetics, high adsorption capacity, and excellent selective capture of Hg?* in the presence of
other metal ions, achieving an adsorption rate of 99.9% [38,42].

Ceramic nanocomposite membranes synthesized by a Fe-based hydrothermal method
for Cd?* removal have been shown to be efficient.

The weight of the Cd?" ions adsorbed by the membrane was calculated using the
equation (4):

(CO B Ce)- |4

R @
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Where ¢ is the weight of Cd?" adsorbed ((mg-g?), Co?*), respectively, V volume of
total solution (L) and m weight of adsorbent (g), the contact time of the solution with Cd?* ions
and the amount of adsorption are directly linked. The mean time for the passage of the solution
through the membrane was 30 seconds, and a decrease in the concentration of Cd?* was
observed [32].

4. Conclusions

The use of nanotechnologies has proven to be an effective alternative in the removal of
heavy metals and their metal ions since different nanomaterials have excellent adsorption
activity and act in the simultaneous removal of different heavy metals, which allows the
decontamination of an environment contaminated by more than one heavy metal with only one
adsorbent material lowering deployment costs.

Further studies should be carried out to expand the knowledge about the synthesis of
nanomaterials, the use associated with other adsorptive technologies, and the expansion of their
applicability against other heavy metals and their ions. The present study contributes to the
synthesis of relevant studies on the subject. It helps to expand the knowledge on removing
metals by applying adsorptive nanotechnologies.
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