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Abstract

            
               
Water pollution can be found in the oceans, seas, rivers and lakes which can be taken as organic pollutants or better known
                  as emerging pollutants. Emerging pollutants (EP´s) are chemical substances that persist in the environment, these molecules
                  are bioaccumulated in the food chain causing risks and adverse effects for human health and the environment. EP´s are not
                  monitored and they are discharged as effluents indiscriminately, for this reason is important to improve water treatment by
                  the application of advanced techniques as adsorption. Adsorbents like alumina are known for their large surface area, high
                  mechanical properties and good resistivity to thermal degradation. Aluminum oxide or alumina (Al2O3) is a solid white ceramic
                  material which has been considered an efficient adsorbent for EP´s removal as advanced water treatment.
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               INTRODUCTION

            Water is a resource distributed throughout the world, it can be found in oceans, rivers and lakes, that is considered as surface
               water, or can be found in aquifers (groundwater). The availability of this resource is related to caring and water quality,
               that ensures that the water is enough for its intended use 1. Water pollution is very interesting topic in the field of environmental research, the location of effluents from specific
               sources must be known because it can cause changes in aquatic environment 2. Pollution can be classified into two types: inorganic and organic pollution. The inorganic compounds found in water usually
               come from two different sources, (natural and anthropogenic), among them, salts, metalloids and metals are considered in this
               kind of compounds and they are highly soluble. Metals enter in water as a result of the aging of soil and rocks, volcanic
               eruptions, and a variety of anthropogenic activities related to mining, processing, and use of metals and / or substances
               containing metallic pollutants 3.
            

            Water pollution poses a threat to human health and ecosystems, leading to the depletion of clean water resources and trace
               organic pollutants become a major environmental problem 4, 5. In the aquatic environment, including drinking water sources and water bodies, organic micropollutants are present in trace
               concentrations ranging from ng L−1 to μg L−1 6, 7, 8. The most dangerous sources of water pollution even in small concentrations are pesticides, dyes and pharmaceutical products
               which are considered also EP´s 9.
            

            
                  EMERGING POLLUTANTS

               EP´s include substances such as pharmaceutical compounds and personal care products, pesticides and hormones which have adverse
                  effects on the endocrine system of humans and animals 10. The number of substances that constitute the EP´s is large and continues to increase with the identification of chemicals
                  that are part of this group 11. However, the list of incidence and risk contribution for most of these pollutants is not yet available. Due to the analytical
                  challenge of monitoring the large number of substances is difficult to predict the effects on human health and other living
                  beings 12. On the other hand, it has been shown that a large amount of EP´s can change the endocrine system as described above, block
                  or interfere with the hormonal function of the body, cause feminization and hermaphroditism, decrease fertility, decrease
                  the efficiency of mating, and even it can increase the incidence of different types of cancer 13. Among the emerging pollutants that usually cause more problems in water treatment, the pharmaceutical products are one of
                  the most used, because of that they are produced at large scale. Various drugs have low metabolization (5-10 %) and low absorption
                  rates in the organisms that consume them, leading to high amounts of drug residuals accumulated in soil or water, causing
                  serious pollution problem 14.
               

               Natural attenuation and conventional treatments are not capable to remove EP´s from waste, surface and drinking water 15. Likewise, these substances do not have any regulation for their disposal. Nowadays, indiscriminate discharges of these are
                  made increasing the aquatic bodies pollution. The EP´s most studied because of the adverse effects to ecosystems are pharmaceutical
                  products, detergents, fragrances, personal care products and illicit drugs 16. Therefore, it is considered important to know the definition of each type of emerging pollutant, for example:
               

               A pesticide can be defined as any substance or mixture of substances that can prevent, destroy, repel or mitigate any pests
                  such as insects, mites, nematodes, weeds, rats, etc. 17. Pest control was practiced as a mechanical approach in 18th century. Before the synthetic pesticides period, natural compounds
                  such as arsenicals and fluorosilicates were used for pest control 18. The synthetic pesticides period began in 1874, when DDT (Dichlorodiphenyltrichloroethane) was synthesized by the first time.
                  Pesticides are very complex in structure and they are well known for their stable and non-degradable nature in the environment.
                  The utility of pesticides in the world was found in agriculture, grain storage, soil conditioning, public health, and building
                  construction 18. Over the past 50 years, the number of available pesticides, the variety of their applications and the volume of active ingredients
                  used has grown tremendously. It is estimated that more than 1500 chemical pesticides have been produced and up to 8000 individual
                  formulations are available for specific applications 19. The sources of pesticides in the aquatic environment are principally the wastes discharges from pesticide production and
                  formulation industry. Surface and groundwater pollution occurs through pesticide leaching, which has been documented by many
                  researchers 18.
               

               Pharmaceutical compounds are synthetic or natural chemicals found in prescription drugs, free sell and veterinary drugs, as
                  well as containing active ingredients that are designed to cause pharmacological effects and significantly benefit society
                  20. Pharmaceutical compounds have been recognized as a dangerous class of organic pollutants due to their extensive use and
                  long-term effects towards the aquatic environment 21.
               

               Dyes and pigments are chemical substances or compounds, natural or synthetic, that change the color of another substance or
                  compound when they are applied on it. The use of dyes has been an activity of economic importance since ancient times, likewise
                  the search for new dyes has not ceased over time. The first dyes were natural, obtained from plants, animals and fungi; as
                  far as synthetic dyes are concerned, they are manufactured by technological synthesis, and they emerged in the 19th century
                  with the development of organic chemistry mainly from fossil sources 22. Most dyes are stable in air and under light; therefore, dyes in wastewater do not respond to ordinary biological or chemical
                  degradation 23. Dyes affect the photosynthetic capacity of aquatic plants by restricting the penetration of sunlight due to their color
                  24. The structural varieties of dyes can fall into the cationic, non-ionic or anionic types. Among these types, anionic dyes
                  include direct, acidic, and reactive dyes 25. Acid bright dyes and water-soluble acid dyes are the most problematic dyes, they tend to easily pass-through conventional
                  treatment systems in unaffected way 26. More than 100,000 commercial dyes are known with a production amount of more than 700,000 tons per year worldwide 27. Acid dyes are soluble in water and appear with acid groups in their molecular structures. Acid dyes can be grouped into
                  three classes including azo, anthraquinone, and triarylmethane. Among these different acid dyes, azo dyes are the main class
                  with a great variety of colors 28.
               

            

            
                  WATER TREATMENT

               EP´s need to be removed from the water to improve the environmental quality, the water treatment methods that are conducted
                  by chemical or biological reactions are known as unit processes. Today, the unit's functions combine to provide multiple levels
                  of treatment and they are referred as preliminary treatment, primary, advanced primary, secondary (without or with nutrient
                  removal), and advanced (or tertiary) treatment 29 (Fig. 1). Today, various treatment processes are used for the removal of organic molecules from aqueous solutions including:
                  precipitation, ultrafiltration, ion exchange, phytoextraction, electrodialysis, and reverse osmosis. In primary treatment,
                  physical operations are usually carried out by sedimentation to remove floating and sediment substances in wastewater. For
                  advanced primary treatments, chemicals are added to improve suspended and dissolved solids removal. The main physicochemical
                  processes that can be included in the primary treatment are the following: sedimentation, flotation, coagulation-flocculation
                  and filtration 29. 
               

               In secondary water treatment, biological and chemical processes are used to eliminate most of the organic matter, which constitutes
                  a series of important biological processes for the wastewater treatment that usually use microorganisms (bacteria). To eliminate
                  biodegradable organic matter, colloidal and dissolved, as well as the elimination of compounds that contain nutrient elements
                  (N and P) can be used electrocoagulation, bacterial beds, active sludge, green filters, anaerobic digestion and electro-oxidation
                  29. In advanced treatment, additional combinations of unit operations and processes are used to remove residual suspended solids,
                  organic matter, and other constituents that are not significantly reduced by conventional secondary treatment such as phosphorus
                  and nitrogen. The advanced processes have properties of biological or physicochemical nature, the unit process is the most
                  used in physicochemical treatments. At the initial stage, coagulation-flocculation and decantation are carried out. Other
                  processes used as tertiary treatments are ion exchange resins, activated carbon adsorption, ultrafiltration, reverse osmosis,
                  electro-disinfection and ceramic membranes 29; adsorption is the most economical of the aforementioned.
               

               
                     
                     Figure 1

                     Wastewater treatment diagram
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               Adsorption is an economical and efficient technology that produces high quality water 30, it has been considered an effective alternative for wastewater treatment and it has been used for the elimination of hazardous
                  organic and inorganic pollutants present in the effluent 31, 32, 33, 34. Adsorption consists in the accumulation of a substance between two phases (liquid-solid and gas-solid), that occurs as a
                  result of unsaturated and unbalanced molecular forces which occur on each solid surface. Thus, when a solid surface is in
                  contact with a liquid or gas, there is an interaction between the fields of forces on the surface with the adsorbate. Depending
                  on the nature of the involved forces, there are two types of adsorption: physical and chemical adsorption. In the case of
                  physical adsorption, the adsorbate is attached to the surface by Van Der Walls forces that are relatively weak, these forces
                  are like the molecular forces of cohesion and participate in the condensation of vapors in liquid. On the other hand, chemistry
                  involves the exchange of electrons between adsorbate molecules and the surface of the adsorbent, resulting in a chemical reaction
                  19. The molecule that is accumulated or adsorbed on the interface is called adsorbate, and the solid on which adsorption takes
                  place is the adsorbent 35.
               

               In adsorption, molecules or ions are removed from aqueous solution by adsorption on solid surfaces. This process is characterized
                  by having active sites in energy, as well as interaction with solutes in the adjacent aqueous phase due to their specific
                  electronic and spatial properties. Generally, the active sites have different energies, and the surface is energetically heterogeneous.
                  By changing the properties of the liquid phase (pH, concentration, temperature), the adsorbed species are usually released
                  from the surface and transferred back to the liquid phase, a process known as desorption 36. Within the sorption processes, some materials are investigated to be efficient in the process; materials can be defined
                  an element that can be transformed, and it is possible to group it, scientifically. A material can be defined as any solid
                  composed of discrete particles that is or will be used to manufacture products that improve living conditions. Its properties
                  are defined by the state of organization of its atoms, which, theoretically, do not change in shape, size and weight when
                  they are processed 37.
               

               Materials can be generally classified according to their main properties and characteristics: metallic, polymeric and ceramic
                  materials 38.
               

               
                     
                     	
                        Metals: Metallic materials refer to inorganic substances composed mainly of metallic elements such as copper, aluminum, iron,
                           magnesium, nickel, titanium, zinc, tin, lead and alloys such as brass, steel and bronze. However, they can contain non-metallic
                           elements, such as carbon, oxygen and nitrogen. All these materials have characteristic properties, such as brightness and
                           high thermal and electrical conductivity, they are also ductile, and some of them have good magnetic properties 38.
                        

                     

                     	
                        Polymers: The term polymer refers to molecules formed from various building blocks, which are called monomers, these types
                           of blocks are generally linked by covalent bonds. The prefix "poly" from the Greek word "many", while the Greek prefix "mono"
                           means "unique" and refers to a single block. In the synthesis of many polymers, the monomers are linked together in the same
                           way to form a single chain consisting of repeating, covalently connected units. There is no definitive limit on the number
                           of repeating units required to meet the definition of the polymer 39.
                        

                     

                     	
                        Compounds: It can be defined as the integration of two or more materials to form a new one. In such a way that each component
                           retains its properties, and the resulting component has properties of both materials. They are heterogeneous materials since
                           they have a discrete interface that separates them 38. Both the matrix and the charge can be of different nature such as: metallic, inorganic (metallic and non-metallic oxides),
                           organic (polymers) material, among other combinations. This makes it possible to obtain metal-metal, metal-inorganic or inorganic-metal,
                           organic-inorganic or organic-metal compounds 40.
                        

                     

                     	
                        Ceramics: Ceramics are non-metallic inorganic materials, which are formed by metallic and non-metallic elements that are linked
                           primarily by ionic and / or covalent bonds. The chemical compositions of ceramic materials can vary considerably, from simple
                           compounds to mixtures of many complex linked phases 41. In general, ceramic materials can be classified into two groups: traditional ceramic materials and ceramic materials for
                           specific use. Traditional ceramic materials are normally made up of three basic components: clay, silica and feldspar. Examples
                           of traditional ceramics are bricks, ceramics for specific use, are made up of pure or almost pure compounds such as aluminum
                           oxide (Al2O3), silicon carbide (SiC), and silicon nitride (Si3N4).
                        

                     

                  

               

            

            
                  ALUMINA

               Adsorbents such as alumina are known for their large surface area, high mechanical properties, and good resistivity to thermal
                  degradation. Aluminum oxide or alumina (Al2O3) is a solid white ceramic material, it has a molecular weight of 101.96 g/mol, a density of 3.9 g/mL, a melting and boiling
                  point of 2320 and 3600 °C respectively. It is also insoluble in water and partially soluble in ethanol 42. Among its most important properties are the hardness of 18 to 20 GPa, elastic modulus of 300 to 400 GPa, thermal conductivity
                  equal to 30 W/mK, it is an excellent electrical insulator, it has good resistance to thermal fatigue 4-9x10-6/°C and excellent optical transparency 43. Additionally, alumina is chemically stable, it is considered inert, and it does not oxidize or corrode easily or react within
                  biological systems. Its resistance to fracture is low (2-4 MPa m1/2), to be used it must be compacted with a high density, with an average size close to 4 μm per gram and high purity ≥ 99.5%
                  42. Alumina (Al2O3) is a crystalline ceramic that possesses polymorphism with metastable structures (ω, κ, δ, θ and γ phases) 44, 45. Alumina is ceramic with a hexagonal crystal lattice according to Figure 1. The oxygen and aluminum define a hexagonal close
                  packed structure, aluminum cations occupy 2/3 of the octahedral sites in the hcp lattice.
               

               
                     
                     Figure 2

                     Alumina structural unit cell.
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               Calcined aluminas are generally classified into three categories according to their chemical composition, as well as their
                  sodium content as total impurities.
               

               First category: Normal calcined alumina

               It has a sodium oxide content greater than 0.1 %, and 99-99.5 % of aluminum oxide.

               Second category: Low sodium or thermally reactive alumina

               It has a sodium oxide content less than 0.1%, and around 99.7% aluminum oxide.

               Third Category: High Purity Calcined Alumina

               It has an aluminum oxide 99.9% purity, most of these aluminas are manufactured from aluminum salts with high purity (chlorides,
                  sulfates, nitrates, ammonium alum), oxidation of aluminum at high pressure or metallic aluminum 46.
               

            

            
                  ALUMINA AS AN ADSORBENT

               Due to the properties that alumina possesses, it is used as an adsorbent, Chu in 2019 47 mention that the alumina nanoparticles were manufactured by the solvothermal method, the alumina nanoparticles obtained had
                  sharp peaks with high intensity at 2θ = 38° and 67° indicating high crystallinity of alumina. In its gamma phase, crystalline
                  alumina has XRD peaks at 46° and 61°; as well as infrared spectroscopy bands at 3657.04, 3550.95 and 3622.32 cm−1 for the stretching vibration -OH, the bands obtained at 1031.92, 520.78 and 426.27 cm−1 are corresponding to the Al-O bending vibration of the Al-OH group, finally, the signals between 1000 cm−1, 981.77 cm−1 and 520.78 cm−1 confirmed the bending vibration of the Al-O bond. The particle size is in the range of 30 to 40 nm, the specific surface area
                  was around 221.3 m2/g. The synthesized material with a modification was made with an anionic surfactant (sodium dodecyl sulfate, SDS) where the
                  elimination of the cationic dye, Rhodamine B (RhB) was investigated. The modification of nano-alumina was carried out at a
                  low pH of 4 and 5, with a high ionic strength which significantly increased the removal efficiency of RhB and it was found
                  that the optimal adsorption conditions of contact time, pH and adsorbent doses for RhB removal using SDS-modified nanoalumina
                  (SMNA) were 120 min, at pH 4 and 5 mg/mL, respectively. The removal of RhB using SMNA reached a removal efficiency of 100%
                  (Table 1). After four cycles of adsorbent regeneration, the RhB removal efficiency using SMNA was greater than 86%, reaching
                  an adsorption capacity of 165 mg/g.
               

               Alumina has also been used for the removal of methylene blue, Ebadollahzadeh and Zabihi in 2020 48 managed to synthesize magnetic alumina, the XRD results showed that the strongest and sharpest peaks appeared on the pattern
                  of functionalized magnetic gamma-alumina is in 2θ = 15-80°. Bands around 720-931 cm-1 corresponded to Al-O of gamma-alumina. The band presented at the wavelength of 1633 cm-1 is related to the carbon-oxygen bond that is assigned to the stretching vibration of C=O in asymmetric COO, due to the presence
                  of functional groups placed when applying EDTA as chemical agent. The weak band at 1400 cm-1 related to the C-N bond appears poorly only on the alumina adsorbent due to impregnation by EDTA. The bands around 3300-3400
                  cm-1 correspond to the symmetric and asymmetric vibrations of the N-H and -OH groups, respectively, which overlap each other.
                  The findings revealed that the experimental data were consistent with the Freundlich model, with the maximum adsorption capacity
                  being 196.08 mg/g for methylene blue. The pseudo-second order kinetics with the highest correlation coefficient indicated
                  a better fit with the adsorption of methylene blue. The regeneration of the magnetic adsorbent was also investigated in the
                  competitive adsorption for six cycles, which showed that the prepared adsorbent can be used for real applications.
               

               Another dye that has been removed with alumina is Orange G, Banerjee and collaborators in 2017 49 studied the synthesis and application of alumina nanoparticles synthetizing by the sol gel technique and it was found that
                  the particle size was in the range of 30-35 nm this for the removal of the aforementioned dye from aqueous solutions. The
                  properties of the synthesized nanoparticles show a prominent band at 3457 cm-1 which is attributed to the stretching vibration of the -OH group of the Al-OH structure and another band at 1629 cm-1, which is attributed to the physical adsorption of water molecules. The presence of a broad pattern that extends in a range
                  of 400-1000 cm-1 corroborates the formation of alumina in the gamma phase. The absorption bands at 911, 804, and 637 cm-1 correspond to asymmetric stretch, symmetric stretch, and bending vibration of the Al-O-Al bond, respectively. After the sorption
                  of the dye, it can be clearly noticed there was a slight change in the positions of the bands. It was found that the band
                  of maximum intensity at 3457 cm-1 was slightly reduced and a small change in the position of the peak was observed in the absorption band at 1000-400 cm-1. This indicates that the dye ions most likely interacted with the Al-OH and Al-O groups present on the adsorbent surface.
                  The four characteristic reflections at 2θ = 32, 37.4, 45.2 and 67.5° with the corresponding reflection planes of 220, 311,
                  400 and 440 reveal the formation of the gamma species. The TEM image shows that the alumina particles were in an agglomerated
                  state, furthermore, the image also showed that the particle sizes were in a nanorange with the majority being 30-40 nm. The
                  micrograph also verified that the particle size existed in the nanoscale range. The estimated specific surface area was found
                  to be greater than 125 m2/g. The pore sizes, approximately 90% were in the mesoporous range (diameters 2-50 nm) and the remainder of 10% were in the
                  microporous range (<2 nm). The pHZPC of the alumina nanoparticles was found to be 7.4. Likewise, the effect of several important parameters on the elimination
                  of the dye was examined and it was found that the adsorption was highly dependent on pH and obtaining an elimination of 98.4%.
                  The kinetic results showed that the sorption process was described by a pseudo second order model. The mechanism of the adsorption
                  process was also interpreted with the help of diffusion models and the results showed that external diffusion governed the
                  general sorption process. Langmuir's model yielded a good fit for the experimental data with high adsorption capacity (93.3
                  mg/g at 303°K). The evaluated thermodynamic parameters ∆G °, ∆H ° and ∆S °, proposed that the adsorption was spontaneous,
                  feasible and exothermic under the investigated conditions. Desorption experiments confirmed that the spent adsorbent can be
                  successfully regenerated and can be efficiently reused for up to four successive cycles with almost the same sorption capacity,
                  reducing the cost of treatment. The adsorption performance of alumina nanoparticles was also tested using real wastewater
                  and the results indicated that nano-alumina is also competent for treating multisolute systems.
               

               Wawrzkiewicz and collaborators in 2015 50  mention that one cause of colorants being found in effluents is due to the fact that the textile, paper, plastic, leather,
                  food and cosmetic industries do not give adequate treatment to their wastewater, which is why they investigated removal by
                  adsorption of acidic (CI Acid Orange 7, AO7), reactive (CI Reactive Black 5, RB5) and direct (CI Direct Blue 71, DB71) dyes
                  from aqueous solutions and wastewater using a silica-alumina oxide mixture composed of 4% SiO2 and 96% Al2O3 (SA96). The kinetic studies revealed that with the increase of the initial dye concentration from 10 to 30 mg/L and the contact
                  time from 1 to 240 min, the sorption capacities (qt) increased and the adsorption equilibrium was observed for AO7 and RB5
                  after 180 min and 240 min for DB71. The experimental data fit better to the Langmuir isotherm model than to the Freundlich
                  one and the monolayer sorption capacities (q0) were found to be 41.4, 47.1 and 49.2 mg/g for AO7, RB5 and DB71, respectively.
               

               Just as alumina has been used for the removal of colorants, it has also been used for the removal of pesticides such as lindane,
                  which is a persistent and toxic pesticide in water, Derbalah and collaborators in 2015 51 carried out a study of manufactured mesoporous alumina nanoparticles (MA-NP) with a large surface to volume ratio, surface
                  active sites, and open channel pores to trap/adsorb molecules such as lindane. The micrographs show the formation of spherical
                  nanoparticles with a uniform particle size (100-250 nm). HRTEM images reveal mesoporous worm-like structures connected to
                  large regions of the alumina nanoparticle domains. The TEM image illustrates a spherical morphology, and agglomeration of
                  the nanoparticles produces gaps between particles without a discernible ordered pore arrangement. The SAXS patterns show two
                  wide reflection scattering peaks within the range of 1.4 <q <4.2; these peaks are characteristic of a hexagonal mesostructure
                  as indicated by the characteristics of the main peaks for hexagonal reflections (100) and (110). The results showed that the
                  maximum adsorption capacity of lindane is 25.54 mg/g at 20ºC. The material also exhibits high adsorption efficiency (> 80%)
                  of lindane after 20 cycles, resulting in effective regeneration and reuse characteristics.
               

               Another compound commonly used in the production of pesticides is p-nitrophenol, which is why it is important to eliminate
                  this compound from effluents. Zhou and collaborators in 2013 52 carried out a study where they prepared hollow alumina microspheres modified with trisodium citrate. A further observation
                  indicates that the width of the diffraction peaks becomes slightly wider with increasing CTC, which implies the formation
                  of smaller Al2O3 crystallites, the irregular aggregated particles with rough surface were obtained in the absence of trisodium citrate. An
                  increase in CTC to 0.125 mmol resulted in hollow microspheres with a diameter of approximately 600 nm, and their 50 nm thick
                  shells composed of loosely connected nanoflakes. A further increase in CTC to 0.25 mmol resulted in hollower structures and
                  smaller pore sizes, when CTC approaches 0.5 mmol, the morphology of the sample becomes well-defined microspheres with diameters
                  of approximately 2-3 μm. Finally, collapsed microspheres appeared when the CTC reached 1 mmol. The result of the adsorption
                  of p-nitrophenol in the prepared samples revealed that the pseudo-second order kinetic equation can better describe the adsorption
                  kinetics showing a maximum adsorption capacity of 217.4 mg/g. Furthermore, adsorption isotherm studies indicated that the
                  resulting alumina microspheres are a strong adsorbent for this contaminant.
               

               Since alumina has been widely used for the removal of dyes and pesticides with positive results, an attempt has been made
                  to reproduce the results with other types of compounds such as pharmaceutical compounds. Pham and collaborators in 2019 53 investigated the adsorption of molecular oxytetracycline (OTC) of an aqueous solution on surfactant modified alumina (SMA).
                  An anionic surfactant, sodium dodecyl sulfate (SDS), which was used to modify the surface of alumina at high ionic strength.
                  Detailing that the point of zero charge of α-Al2O3 is approximately 8.0. Some conditions that were effective for OTC removal using SMA were systematically studied, such as
                  contact time, pH, adsorbent dose, and ionic strength. The highest removal efficiency for OTC using SMA was 97%. Under optimal
                  adsorption conditions, OTC extraction from a real water sample collected from shrimp aquaculture achieved a removal efficiency
                  of 90%. After the adsorbent was regenerated four times, the OTC removal efficiency using SMA was 83%. The maximum adsorption
                  capacity of OTC on SMA was found to be 143 mg/g. The results obtained demonstrate that the modification of the alumina surface
                  with SDS is important to form a new adsorbent for the removal of tetracycline antibiotics from an aqueous solution.
               

               Nowadays, Dao and collaborators in 2020 54 have investigated the synthesis of poly (2-acrylamide-2-methylpropane sulfonic acid) (PAMP) on alumina nanoparticles and
                  for the elimination of the antibiotic ciprofloxacin (CFX) from an aqueous medium, showing a maximum capacity adsorption of
                  approximately 10 mg/g. The CFX removal application in actual hospital wastewater was greater than 80%. The magnetic resonance
                  spectra can be observed for the signals of a CH2 proton and a CH proton at 6.3, 6.2 and 5.7 ppm which appeared in the spectra before polymerization but did not appear in
                  the spectra after polymerization. The change in the appearance of the peak before and after polymerization indicated the change
                  in structure or binding in the product. The disappearance of the double bonds in the PAMPs after polymerization indicated
                  that a new saturated substance was formed. Furthermore, the peak of a CH bond that appeared in the spectra after polymerization
                  indicated the CH of a saturated group. This implies that the polymerization occurred with high efficiency. The results of
                  the study demonstrate that PAMP on alumina nanoparticles is a promising new material for the removal of antibiotics from wastewater.
                  It is also important to mention that the location of the specific polluted effluents must be known since they can cause a
                  change in the aquatic environments and to be able to give them the appropriate treatment. A continuation a table of alumina
                  used as an adsorbent for different contaminants. 
               

               
                     
                     Table 1

                     
                        Alumina used in sorption processes for different emerging pollutants.
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                               Type of pollutant

                              
                           
                           	
                                 
                              
                               Material

                              
                           
                           	
                                 
                              
                               Name of the adsorbed compound

                              
                           
                           	
                                 
                              
                               % removal 

                              
                           
                           	
                                 
                              
                               qe (mg/g)

                              
                           
                           	
                                 
                              
                              
                                 Reference 
                                 
                              

                              
                           
                        

                        
                              	
                                 
                              
                               Dyes

                              
                           
                           	
                                 
                              
                               Nano γ-Al2O3 modified with surfactant

                              
                           
                           	
                                 
                              
                               Tartrazine

                              
                           
                           	
                                 
                              
                               ∼99

                              
                           
                           	
                                 
                              
                               165

                              
                           
                           	
                                 
                              
                               47

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Alumina modified with surfactant

                              
                           
                           	
                                 
                              
                               Crystal Violet

                              
                           
                           	
                                 
                              
                               99

                              
                           
                           	
                                 
                              
                               111.6

                              
                           
                           	
                                 
                              
                               55

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Aluminum reinforced polystyrene

                              
                           
                           	
                                 
                              
                               Amaranth Dye

                              
                           
                           	
                                 
                              
                               96

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               56

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               γ-alumina nanoparticles

                              
                           
                           	
                                 
                              
                               Congo Red

                              
                           
                           	
                                 
                              
                               19

                              
                           
                           	
                                 
                              
                               655

                              
                           
                           	
                                 
                              
                               57

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Mixed Nano Composites of Iron Oxide and Alumina

                              
                           
                           	
                                 
                              
                               Congo Red

                              
                           
                           	
                                 
                              
                               100

                              
                           
                           	
                                 
                              
                               498

                              
                           
                           	
                                 
                              
                               58

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Alumina

                              
                           
                           	
                                 
                              
                               Malachite green

                              
                           
                           	
                                 
                              
                               93

                              
                           
                           	
                                 
                              
                               61.35

                              
                           
                           	
                                 
                              
                               59

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Silica-alumina oxide

                              
                           
                           	
                                 
                              
                               Reactive Black 5 C. I.

                              
                           
                           	
                                 
                              
                               30

                              
                           
                           	
                                 
                              
                               6.8

                              
                           
                           	
                                 
                              
                               50

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Alumina nanoparticles

                              
                           
                           	
                                 
                              
                               Orange G

                              
                           
                           	
                                 
                              
                               98.4

                              
                           
                           	
                                 
                              
                               93.3

                              
                           
                           	
                                 
                              
                               49

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Nanoalumina

                              
                           
                           	
                                 
                              
                               Red 120

                              
                           
                           	
                                 
                              
                               35-80

                              
                           
                           	
                                 
                              
                               29 to 35.65

                              
                           
                           	
                                 
                              
                               60

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Alumina modified with SDS

                              
                           
                           	
                                 
                              
                               Malachite green

                              
                           
                           	
                                 
                              
                               ∼80

                              
                           
                           	
                                 
                              
                               185

                              
                           
                           	
                                 
                              
                               61

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Silica-alumina oxide

                              
                           
                           	
                                 
                              
                               Direct blue 71 C. I.

                              
                           
                           	
                                 
                              
                               30

                              
                           
                           	
                                 
                              
                               6.3

                              
                           
                           	
                                 
                              
                               50

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Nano γ-Al2O3 modified with surfactant
                              

                              
                           
                           	
                                 
                              
                               Rhodamine B

                              
                           
                           	
                                 
                              
                               98

                              
                           
                           	
                                 
                              
                               165

                              
                           
                           	
                                 
                              
                               47

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Alumina

                              
                           
                           	
                                 
                              
                               Methylene blue

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               196.08

                              
                           
                           	
                                 
                              
                               48

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Alumina/Carbon Nanotube Hybrid

                              
                           
                           	
                                 
                              
                               Reactive Red 198

                              
                           
                           	
                                 
                              
                               91.54

                              
                           
                           	
                                 
                              
                               43.72

                              
                           
                           	
                                 
                              
                               62

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Silica-alumina oxide

                              
                           
                           	
                                 
                              
                               Acid orange 7 C. I.

                              
                           
                           	
                                 
                              
                               30

                              
                           
                           	
                                 
                              
                               2.9

                              
                           
                           	
                                 
                              
                               50

                              
                           
                        

                     
                  

               

               
                     
                     Table 2

                     
                        (Continuation) 
                        
                     

                     Alumina used insorption processes for different emerging pollutants.

                  

                  
                        
                           
                              	
                                 
                              
                               Type of pollutant 
                              

                              
                           
                           	
                                 
                              
                               Material

                              
                           
                           	
                                 
                              
                               Name of the adsorbed compound

                              
                           
                           	
                                 
                              
                               % removal

                              
                           
                           	
                                 
                              
                               qe (mg/g)

                              
                           
                           	
                                 
                              
                               Reference 

                              
                           
                        

                        
                              	
                                 
                              
                               Pesticides

                              
                           
                           	
                                 
                              
                               Alumina modified with sodium dodecyl sulfate

                              
                           
                           	
                                 
                              
                               Isoproturon

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               19.15 to 25.31

                              
                           
                           	
                                 
                              
                               63

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               γ-alumina fibers

                              
                           
                           	
                                 
                              
                               Imazaquin

                              
                           
                           	
                                 
                              
                               80

                              
                           
                           	
                                 
                              
                               1.6

                              
                           
                           	
                                 
                              
                               64

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Mesoporous Alumina Nanoparticles

                              
                           
                           	
                                 
                              
                               Lindane

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               25.54

                              
                           
                           	
                                 
                              
                               51

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Nanocrystalline γ-alumina

                              
                           
                           	
                                 
                              
                               Diazinon

                              
                           
                           	
                                 
                              
                               90

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               65

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Microesferas huecas de alumina

                              
                           
                           	
                                 
                              
                               p-nitrophenol

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               217.4

                              
                           
                           	
                                 
                              
                               52

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               γ-alumina fibers

                              
                           
                           	
                                 
                              
                               Alachlor

                              
                           
                           	
                                 
                              
                               100

                              
                           
                           	
                                 
                              
                               1

                              
                           
                           	
                                 
                              
                               64

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Nanocrystalline γ-alúmina 

                              
                           
                           	
                                 
                              
                               Fenitrothion

                              
                           
                           	
                                 
                              
                               57

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               65

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Mesoporous alumina aluminum phosphate 

                              
                           
                           	
                                 
                              
                               Pentachlorophenol

                              
                           
                           	
                                 
                              
                               58.3

                              
                           
                           	
                                 
                              
                               3 to 7

                              
                           
                           	
                                 
                              
                               66

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Alumina modified with SDS

                              
                           
                           	
                                 
                              
                               Phenantrene

                              
                           
                           	
                                 
                              
                               80

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               67

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Mesoporous alumina aluminum phosphate

                              
                           
                           	
                                 
                              
                               2,4,6-trichlorophenol

                              
                           
                           	
                                 
                              
                               27.1

                              
                           
                           	
                                 
                              
                               3 to 7

                              
                           
                           	
                                 
                              
                               66

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Al2O3

                              
                           
                           	
                                 
                              
                               Orto-Nitro-Phenol

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               6.333

                              
                           
                           	
                                 
                              
                               68

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               γ-alumina

                              
                           
                           	
                                 
                              
                               Meta-nitrophenol

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               2 to 3

                              
                           
                           	
                                 
                              
                               69

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               HDTMA+ /Al2O3

                              
                           
                           	
                                 
                              
                               Meta-nitrophenol

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               8 to 9

                              
                           
                           	
                                 
                              
                               69

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Mesoporous alumina aluminum phosphate

                              
                           
                           	
                                 
                              
                               2,4-dichlorophenol

                              
                           
                           	
                                 
                              
                               14.8

                              
                           
                           	
                                 
                              
                               3 to 7

                              
                           
                           	
                                 
                              
                               66

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               HDTMA/Al2O3

                              
                           
                           	
                                 
                              
                               Orto-Nitro-Phenol

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               7.294

                              
                           
                           	
                                 
                              
                               68

                              
                           
                        

                        
                              	
                                 
                              
                               Pharmaceutical compounds 

                              
                           
                           	
                                 
                              
                               Poly (2-acrylamide-2-methylpropane sulfonic acid) on alumina nanoparticles

                              
                           
                           	
                                 
                              
                               Ciprofloxacin

                              
                           
                           	
                                 
                              
                               95

                              
                           
                           	
                                 
                              
                               2.14

                              
                           
                           	
                                 
                              
                               54

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Silica-alumina compound

                              
                           
                           	
                                 
                              
                               Metformin

                              
                           
                           	
                                 
                              
                               95

                              
                           
                           	
                                 
                              
                               46

                              
                           
                           	
                                 
                              
                               70

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Alumina Modified with Surfactant (SDS)

                              
                           
                           	
                                 
                              
                               Oxytetracycline

                              
                           
                           	
                                 
                              
                               97

                              
                           
                           	
                                 
                              
                               143

                              
                           
                           	
                                 
                              
                               53

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                               Activated Alumina doped with Iron

                              
                           
                           	
                                 
                              
                               Norfloxacin

                              
                           
                           	
                                 
                              
                               90.14

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               71

                              
                           
                        

                     
                  

               

            

         

         
               CONCLUSIONS AND RECOMMENDATIONS

            Alumina presented high removal percentages for emerging pollutants in the literature reviewed, most of these adsorbents showing
               removal percentages greater than 80%, which is why it can be considered a good adsorbent alternative for adsorption. Desorption
               experiments in the literature confirmed that the spent adsorbent can be successfully regenerated and can be efficiently reused
               with almost the same sorption capacity, reducing the cost of treatment. It is also important to mention that the location
               of the specific polluted effluents must be known since they can cause a change in the aquatic environments and to be able
               to give them the appropriate treatment.
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