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“Advanced Materials for Water Remediation” is a Special Issue of Materials, which
will take into consideration all the papers discussing the synthesis, characterization and
application of advanced materials for water remediation. The development of cost-effective
and stable advanced materials, strategies and technology for providing pure water is a
critical need for environmental protection. It is well recognized that nanoscience and
nanotechnology have made a revolutionary impact on the scientific community with many
new interesting research fields. Nanotechnology addresses the continuous development of
solutions to the existing environmental problems, and preventive measures for future prob-
lems. However, nanoscience developments facilitate a number of emerging technologies to
be addressed to solve the multiple problems of water in order to ensure the environmental
stability and finally assisting the attainment of water quality standards and health advi-
sories. New applications and new products emerge in many different fields, i.e., energy,
environment, medicine, and these developments will most probably change our society.

Water is a natural and essential resource for sustaining all forms of life on Earth.
Water pollution (defined as alteration in the physical, chemical and biological properties)
is an increasingly dangerous problem, representing currently one of the most important
environmental risk to human health, affecting people across the world. The precipitation,
ion exchange, adsorption, membrane separation, reverse osmosis, and electrocoagulation
are some of the methods that were suggested in order to remove the pollutants. The most
effective method used to date for removing different pollutants is the adsorption method [1].
It must be emphasized that the successful remediation of water by adsorption technique
strongly depends on the material used [2].

The metals with a density higher than 5 g/cm? are considered toxic heavy metals.
Among the most harmful heavy metals are cadmium and chromium. Due to its carcinogenic
properties, cadmium may be hazardous to human health [3]. Layered double hydroxide
(LDH) in its raw, calcined or modified forms with Fe3O4 provides a solution for wastewater
treatment contaminated with cadmium ion [4]. On the other hand, a study conducted
by Buema et al. proposes a new type of advanced composite material with improved
adsorption characteristics based on fly ash/NaOH along with the advantage of a simple
and low-cost method of synthesis [5]. Recently, Payel and co-workers reported a study
regarding the chromium adsorption by recycling biochar derived from tannery liming
sludge. They demonstrated that, in static and dynamic conditions, chromium adsorption
reached 152.1 mg/g and 533.4 mg/g, respectively [6].

Copper and Cobalt ions are also recognized as toxic metals that can polluted the
waters. Copper ion is used for different applications, in various fields, such as: fertilizer,
paints, plating baths, and paper goods [7]. An industrial waste (fly ash) treated with NaOH
or Fe3O4 can be involved as an adsorbent for copper ion removal [8-10]. Cobalt ion, with
applications in nuclear power plants, metallurgy, mining, pigments, paints, electronic, and
electroplating industries, can lead to diseases, such as: asthma-like allergy, damage to the
heart, causing heart failure, and damage to the thyroid and liver. Various materials were
used as adsorbents in order to remove this contaminant. These studies present the effect
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of different working parameters that affect the cobalt adsorption process, such as: pH,
adsorbent dose, initial cobalt concentration, contact time, and temperature [11-14].

Other contaminants dangerous for the environment are uranium and europium. The
safe and acceptable level for the carcinogenic risk from uranium, according to the USEPA, is
zero tolerance, taking into account that this pollutant is a carcinogen of category A [15]. One
of the most significant radionuclides found in radioactive waste that is emitted accidently
or often is europium [16]. Their removal is mentioned in different studies using winery
wastes, raw/modified pomegranate peel, and carbon-modified zirconia/spinel ferrite
nanostructures as adsorbents [15-17].

An important source of contaminants of the aquatic environments is represented by the
dyes, the largest amount coming from the textile industry. The production and use of these
dye compounds may not be safe, as evidenced by the hazardous characteristics of some of
them, including their potential for cancer, allergic reactions, and dermal impacts, according
to available literature data [18]. The main investigated dyes presented in the specialized
literature are: Methylene blue, Rhodamine B, Congo Red, Methyl orange, Safranin, etc.

Phenolic compounds are the most common organic contaminants in industrial effluent:
including p-nitrophenol (4-NP), phenol, and 4-chlorophenol (4-CP) [19].

4-NP comes from the pharmaceutical and chemical industries. The techniques pro-
posed for its elimination consist of advanced oxidative processes, biodegradation, chemical
reduction, and solvent extraction. The chemical reduction process is recommended taking
into account that this method presents the advantage that the reaction’s by-product is itself
a valuable product that serves as a lubricant against corrosion, a medication intermedi-
ary, or a photographic developer. The chemical reduction process occurs in presence of
catalysts, so the efficient catalysts able to increase the efficiency of the reduction reaction
of aromatic nitro-compounds, should be developed. Due to its simplicity, researchers
frequently employ the 4-NP reduction to 4-aminophenol (4-AP) by sodium borohydride
NaBHy4 reaction [20,21]. Pt-group metals in forms of rods, wires prisms, or branched nanos-
tructures, are typically utilized as catalysts for the hydrogenation of nitro compounds.
Additionally, the literature presents the possibility to involve the adsorption process for
the removal of 4-NP using different materials: steel slag (with an adsorption capacity
of 109.66 mg/g) [22], and cyclodextrin polymer-entrapped nano zero-valent iron [23]. A
composite prepared from clay and Cocos nucifera shell was proposed by Adebayo and
Areo for the removal of phenol and 4-NP. Their study demonstrates that the material
proposed shows higher adsorption capacities values: 1665 mg/g (phenol) and 476.9 mg/g
(4-nitrophenol), respectively [24]. Lunagariya and co-workers demonstrated that with
the aim to increase the effectiveness of phenol removal, Taguchi method is a promising,
effective, and economical strategy for the industry [25]. On the other hand, Dehmani et al.
present a review of phenol adsorption on transition metal oxides. The adsorption capacity
of phenol using different adsorbents reported in the literature is also presented [26].

Sarno and Iuliano present an interesting study regarding a nano-biocatalyst for 4-CP
removal from wastewater. The degradation of 4-CP in the presence of the proposed
material was 98% after 180 minutes of contact time [27]. Lei et al. studied the simultaneous
removal of 4-CP and chromium ions. Their findings highlighted that the composite material
comprising polypyrrole-supported Pd/Fe nanoparticles completely removes 4-CP and
chromium [28].

Another class of emerging contaminants are per- and polyfluoroalkyl substances
(PFAS). People can present various diseases if they are exposed to PFAS. The research
team formed by Das and Ronen shows in their excellent review a series of methods used
in order to remove these substances from wastewaters [29]. Belkouteb and co-workers
demonstrate that granular activated carbon (GAC) filters offer a technique for removing
PFASs [30]. A material based on cellulose fibers functionalized with quaternized wood
pulp has the capacity to remove one of the most prevalent PFASs substances: 763 mg/g of
perfluorooctanesulfonic acid (PFOS) and 605 mg/g of perfluorooctanoic acid (PFOA) [31].
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The data obtained through the adsorption process are modelled using isotherms
(i.e., Langmuir, Freundlich, Temkin, Sips, Redlich Peterson, and Dubinin—-Radushkevich)
and kinetics models (Pseudo first order, Pseudo second order, Intraparticle diffusion) in
their linear or nonlinear forms. For the purpose of designing the adsorption systems,
adsorption isotherm models provide information on the adsorption process. The thermo-
dynamic study including Gibbs free energy change (AG°), enthalpy change (AH®), and
entropy change (AS°) is presented in order to confirm the nature of the adsorption process.

Moreover, it is essential to conduct aquatic toxicity tests in order to evaluate the water
quality for human consumption and forecast the effects of pollutants on ecosystems [32].
For example, a long-used method is daphnia magna test, which is applicable to: chemical
substances that are soluble under the conditions of the test; industrial/sewage effluents;
untreated and treated wastewaters; aqueous extracts and leachates; and eluates of fresh
water sediment. For example, Daphnia magna as a measure of the toxicity and effectiveness
of treating textile wastewaters was investigated by Villegas-Navarro and co-workers [33].
Additionally, Sakai applied this technique for examination of river water quality [34].
Through this editorial, we also encourage laboratory studies on real wastewaters so that
we can move forward by approaching the discovery of as many influences as possible.

It is also well known that waste management is an important tool for achieving a
circular economy (CE) [35]. The CE, a model of production and consumption, represents a
sustainable alternative whose main concepts are: (i) how to manage resources; (ii) how to
make and use products; and (iii) what to do with the materials afterwards.

Acevedo-Garcia and co-workers proposed a study based on synthesis and applicability
of adsorbents using the principles of CE [36]. The biochar derived from the lime fiber
waste was employed for the adsorption of a mixture with sulfamethoxazole (SMX) and
methyl paraben (MP). Mladenovic and co-workers studied a CE approach for rice husk
modification, with accent on equilibrium, kinetic, thermodynamic studies, and mechanism
of Congo red dye removal [37]. Their findings demonstrated the CE concept’s applicability
in the development of an effective adsorbent without wasting more chemicals or energy. An
examination of the utilization of biowaste as a biosorbent for the removal of heavy metals by
CE point of view is presented by Madea and Skuza [38]. The studies regarding the concept
of CE in metal recovery were also completed by Ahmed and co-workers. The authors
mentioned that the standard “take-make-consume-and-dispose” model has limitations,
which has led to the development of the CE idea. They investigated the removal of toxic
pollutants from wastewater and water reuse within a circular economy [39].

The main goal of the study proposed by Barros and colleagues was the development of
an environmentally friendly technology for the treatment of wastewater contaminated with
different rare earth elements, such as lanthanum, cerium, yttrium, terbium, praseodymium,
and europium, from a CE perspective [40].

In conclusion, this concept must be implemented as much as possible, taking into
account that its idea is focused on recycling and reusing materials.

A recyclability study of the materials, which is an important point for practical ap-
plications, is recommended using different reagents, i.e., NaCl, HNO3, HCl, and Na,COs.
Furthermore, the adsorbent loaded with a contaminant is analyzed using different tech-
niques (SEM, EDX, FTIR, XPS, and TGA) in order to confirm the interaction of the pollutant
with the surface of the adsorbent. Based on the information obtained, an adsorption
mechanism is provided.

In order to prove the safe disposal of the loaded adsorbents into the environment,
“Toxicity Characteristic Leaching Procedure” (TCLP protocol) can be performed [5].

In general, as a consequence of the diversity in requirements for different applications,
it becomes very difficult to devise generalized guidelines on what makes “the best” material,
and that is why this Special Issue aims to make as significant contributions as possible to this
field, which has manifested itself in a diverse spectrum of research directions and emerging
applications. To this end and to meet the challenges of the 21st century that will hopefully
open new horizons for the valorization of multifunctional materials at the nanoscale level,
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the scope of this Special Issue is to design and develop, using environmentally friendly
processes, nano-organized heterostructures for innovative high-added value applications
(water remediation, heavy metal and dyes adsorption).

In conclusion, this Special Issue aims to add value to the existing literature by propos-
ing advanced materials with the applicability for treatment of waters contaminated with
different pollutants, including heavy metals, dyes, phenolic compounds, etc. It is our hope
that the Special Issue “Advanced Materials for Water Remediation” of Materials will deliver
scientific research outcomes that (i) will be devoted to the knowledge-based economy
of Europe; (ii) will represent an important contribution for the new strategic context of
the European Green Deal future initiative to ensure a toxic-free environment before 2050;
(iii) will address, on a global scale, a highly relevant environmental issue included in “Clean
Water and Sanitation” of the UN Sustainable Development Goals and (iv) will raise the
competitiveness and excellence of the Global/European Research Area.
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