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 The global water crisis requires effective wastewater treatment methods where conventional 
approaches often face challenges related to cost, recyclability, efficiency, and overall 
effectiveness. In this regard, the significantly small size, large surface area, and enhanced 
photocatalytic properties of recently developed nanoparticles have opened new avenues for 
wastewater treatment. This comprehensive review focuses on recent advancements in the 
synthesis methods for different types of nanoparticles and nanocomposites based on metals, 
carbon, polymers, waste materials, and zeolites which have highly sustainable and innovative 
results in wastewater treatment. The introduction of silver and gold nanoparticles has enhanced 
photocatalytic and biological activities. Similarly, zeolite and seaweed composites have 
exhibited efficient dye degradation capabilities. Eco-friendly carbon soot nanoparticles have 
shown promising biological activities, while nitrogen-doped carbon quantum dots have exhibited 
long-term stability for various applications. Additionally, waste material-based calcium oxide 
nanoparticles and carbon quantum dot-carbon nanotube nanocomposites have also shown 
enhanced dye degradation activities. 
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1. Introduction  
 

 
Thinking of a world without water is as futile as a lab without equipment! The whole earth is an enhanced natural laboratory 
that nurtures life and water plays a fundamental base in this nurturing. Pure and fresh water is required not only for plants 
and human beings but also for necessary industrial processes such as agricultural activities, food and beverage industries, 
and other chemical industries. There are plenty of water resources and reserves on the earth yet every day the headlines 
break with some sort of scarcity or crisis all over the globe.1–3 There are multiple reasons for the unfolding water crisis 
including climate change, uncontrolled population, fast-growing urbanization, agriculture enhancement, reckless 
industrialization, etc. Most of these factors increase water stress by consuming a hefty proportion of available water 
resources.  These factors are also responsible for a disbalance in global wastewater management and repercussions are the 
pollution and contamination of existing water reserves.4–7 

     As per recent studies of the World resources institute, it is expected to have a more than twenty to thirty percent increase 
in global demand for water and around 5.7 billion people will face water stress for at least one month per year by the year 
2050. In a time when the world is facing war and conflicts over water stress, the contamination and pollution in water 
reserves are creating major concerns as the deaths due to inadequate water consumption is rising day by day, and even by 
the time this paper is being written. The improper management of industrial and urban wastewater has caused severe 
contamination of the water reserves and millions of people are dependent on these chemically contaminated water resources. 
Contaminated water can spread various diseases such as typhoid, polio, hepatitis A, diarrhoea, dysentery, cholera, etc.  As 
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per the reports of the world health organization, almost 829000 people can die only due to diarrhoea developed by 
contaminated and unsafe drinking water.8  

     Water pollution has various causes and concerns but the most challenging is the industrial wastewater effluents which 
are either discharged into rivers or water reserves directly or with minimal treatment. These effluents contain a large number 
of organic compounds, harmful chemicals, dyes, high pH levels, heavy metals, dissolved salts, dissolved solids, ammonia, 
antibiotics, oil, fats, nuclear wastes, and other toxins which increase the turbidity in water reserves and affect the aquatic 
life by increasing BOD and COD which reduces photosynthesis and affects the plant growth. These disturbances in the 
water system further enhance bioaccumulation, toxicity, carcinogenicity, and mutagenicity.9,10 Urban wastewater treatment 
has a history of more than 150 years and it is improving with time. The common methods for wastewater treatment are 
physical and chemical methods. Physical separation techniques such as adsorption, filtration, sedimentation, boiling, reverse 
osmosis, desalination, distillation, and light irradiation are included under physical methods while the chemical methods 
involve chlorination, flocculation, coagulation, ion exchange, etc. Although these methods have frequent uses yet they do 
not seem to be much effective and suitable for the degradation of heavy metal ions or toxic chemicals. Some other 
alternatives such as UV-light irradiation, incineration, or ozone treatments are also used but they are much more expensive 
in respect of frequent utilization and need of the hour.11–13 

     In addition to all these existing methods, researchers have found new advances in the form of nanomaterials which have 
given rise to economic, green, and much more sustainable aspects of wastewater treatment. The nanoparticles have their 
own unique properties due to their very small size ranging around 100 nm and less. These nanoscale structures have a high 
surface area which imparts distinct properties from the bulk materials. The nanostructures also possess different optical, 
electric, magnetic, photocatalytic, and biological activities along with distinct reactivity and stability. The nanoparticles are 
good adsorbents as they are less soluble in water and they have also proven to reflect impactful antimicrobial activities.14–

18  

     Recent research has reported that both metal and nonmetal nanoparticles have remarkable impacts on wastewater 
treatment. The nanomaterials such as carbon-based nanoparticles, carbon nanotubes (CNT), carbon quantum dots (CQD), 
protein nanofibrils, nanocomposites, polymer-based nanoparticles, intrinsically conducting polymers (ICP), Schiff reagent 
coated nanoparticles, metals, metal oxide, and metal sulfide nanoparticles are being actively used in wastewater treatment. 
These nanomaterials can not only react and adsorb harmful chemicals, but they can also interact with microbes and destroy 
their growth by penetrating their cell membranes. Some nanoparticles such as Cu, CuO, Ag, Au, etc. have shown 
antimicrobial activity against pathogens which might impact their growth and control the spread of infectious diseases. 
These nanoparticles can interact with fungi, Gram-negative and Gram-positive bacteria thereby destroying their bacterial 
membrane.19–24 Although the use of nanomaterials as waste adsorbers has grabbed mass attention over the decade yet its 
complexity, high cost, and energy requirements need to be balanced. In this aspect, multiple researchers are continuously 
working across the world which has given rise to some cutting-edge synthesis methods remarkably efficient in energy-
saving, cost-cutting, green synthesis, waste degradation, and antimicrobial properties.25 

2. Advance synthesis methods of nanoparticles 

2.1 Synthesis methods of metal-nanoparticles 

    In metal nanoparticle synthesis methods, there are numerous advanced techniques such as microwave irradiation, 
chemical reduction, vapor depositions, hydrothermal, thermal and electrochemical deposition, or green synthesis, etc. which 
have shown new verticals to the synthesis approach. For example, Dar et al. synthesized unique crystalline copper 
nanoparticles under the microwave irradiation technique where the nanostructures were found to be surfactant free. In this 
synthesis, the copper nanospheres were synthesized by dissolving 52.8 mg of copper acetylacetonate in 100 mL of benzyl 
alcohol and exposing the solution to an 800 W microwave for 3 minutes under reflux conditions. Further, Al2O3 and SiO2 
substrates were inserted in 200 mL of 104.8 mg of copper acetylacetonate solution to support the Cu-nanoparticles. The 
HR-SEM and TEM reflect the size of Cu-nanospheres to be 150 nm diameter with 7 nm extensions of each nano-crystal. 
The special achievement of this synthesis is the stability of the Cu-nanoparticles against oxidation for several months under 
ambient air. The XRD pattern of Cu-nanoparticles as prepared and after 12 months of exposure are attached in Fig. 1.26 

      In the expectation of better green synthesis methods, Dhas et al. synthesized silver chloride nanoparticles using the 
marine algae, Sargassum plagiophyllum. The resultant nanoparticles have silver and silver chloride facets, and they have 
impactful activities against bacteria. In this synthesis, the algae samples were first dried for 8-10 days, powdered, and 
converted into a solution of 5 g powder in 50 mL of demineralized water. Further, the extract of seaweed solution and 5 mL 
of 1 mM silver nitrate solution were mixed and kept at room temperature for a time of 24 hours. The yellow-brown color 
change confirmed the formation of silver chloride (AgCl) nanoparticles which were further verified with characterization 
results. The HR-TEM image explained that the NPs were 18-42 nm in size. The stability of NPs is due to the binding of 
bioorganic materials on the surface. The XRD results confirmed the synthesis of AgCl-NPs. The synthesized silver chloride 
nanoparticles were found to be dose-dependent in an antibacterial test against Escherichia coli. The increasing concentration 
of nanoparticles increases the zone of inhibition. The analysis results are attached in Fig. 2 and Fig. 3.27 
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Fig. 1. Powder XRD patterns of copper nanostructures Fig. 2. XRD Peaks of Ag and AgCl-facets 

 

 

Fig. 3. Antibacterial activities of AgCl-NPs against E.Coli. 

      In other synthesis approaches, Ismail et al. applied the pulsed laser ablation technique to synthesize magnetic iron oxide 
nanoparticles. In this method, the iron target was placed in dimethylformamide and sodium dodecyl sulphate solutions. The 
synthesized alfa-Fe2O3 nanoparticles showed significant inhibition on the strains of both the gram-positive and gram-
negative bacteria.28 Pathak et al. synthesized ZnO nanoparticles doped with Ag, and Au at a concentration of 2 mol% via 
combustion. The zinc nitrate, silver nitrate and tetra chloroauric-III-acid hydrate were mixed with urea in 5mL water and 
stirred till the solution was transparent. The solution was then heated for 30 minutes at 800C to obtain the gel which was 
further heated in a muffled furnace at 5000C. The effect of doping was investigated on the photocatalytic and antimicrobial 
properties. The results reported that metal doping did not alter the structure of ZnO nanoparticles. The doping agents did 
not mix uniformly and thus surrounded the nanoparticles inside the matrix. Both the doping agents (Ag and Au) have shown 
impactful photocatalytic and biological activities. The given Fig. 4 explains the photocatalytic activities of both the pure 
and doped zinc oxide nanoparticles and Table 1 shows their impact on the microbes.29 

Table. 1. Impact of Nanoparticle samples on microbes 
Sample                                    Inhibition zone average (radius in mm) 
 E. coli S. aureus E. ashbyii 
ZnO 5.25 8.5 7.5 
ZnO: Ag 4.3 7.0 9.75 
ZnO: Au 3.8 5.5 6 

Photocatalytic efficiency of ZnO and doped ZnO 

Kumar et al. synthesized copper oxide nanoparticles through microwave mediation which was more economical and 
colloidally stabilized with antibacterial properties. The CuO-NPs were prepared from glucose, starch, and CuCl2 via 
microwave mediation. In this method, the screening test was optimized by response surface methodology where the CuO 
nanoparticles were produced with varying CuCl2 concentrations at a fixed time. The obtained CuO-NPs reported significant 
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antibacterial activity when applied against the spore-forming bacteria and both the gram-negative and gram-positive 
bacteria.30 

 

Fig. 4. XRD of Ag and Au-doped ZnO where the asterisk peaks are NPs of metal dopants. 

       Das et al. used the extracts of Jatropha curcas latex and Cinnamomum tamala leaves to synthesize the magnetite 
nanoparticles coated with natural products. The synthesis was applied under an open-air reaction environment through co-
precipitation. In this method, the JC and CT extracts were prepared and their fixed concentrations were poured into the 
solution of a fixed proportion of anhydrous FeCl3 and FeCl2.2H2O in deionized water (stirred for 30 minutes). Sodium 
hydroxide was added to this solution mixture for precipitation purposes and the mixture was further stirred till the precipitate 
formed. The nanoparticles formed under this method had 26-35 nm size for the CT coated-Fe3O4 and 20-42 nm for JC-
coated Fe3O4-nanoparticles which reflected impactful dye adsorption and antibacterial activities. Fig. 5 shows the 
antibacterial activities of nanoparticles.31   

 

Fig. 5. Antibacterial activities of nanoparticles 

      Vinh Tien Nguyen synthesized silver nanoparticles by mixing pomelo peel extract called PPE with AgNO3 under 
sunlight energy. In this process, the pomelo peel was mixed with a citric acid solution and treated at a temperature of 85°C 
for a time of 2 hours. This extract was then treated with silver nitrate solution under exposure to sunlight. The synthesized 
silver nanoparticles were more stable toward electrolyte-induced aggregation and reflected good biological activities. The 
given Fig. 6 reflects the UV-visible spectra of the appearance of pomelo peel extract after 30 minutes of exposure under 
different temperatures and sunlight conditions.32  

 

Fig. 6. UV-vis spectra of PPE and AgNO3/PPE 
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     Hung et al. used the stirring method to synthesize tungsten-modified nanocomposites with titanium oxide and silicon 
oxide. In this method, a mixture of titanium (IV) oxysulphate and ammonium metatungstate with silicon oxide was 
hydrolyzed under an alkaline medium and the mixture solution was stirred till the composites formed. The resultant catalyst 
nanocomposites showed a 9 times higher photocatalytic activity with dyes under visible light.33 

2.2 Synthesis methods of carbon-based nanoparticles 

     In general, carbon-based nanoparticles have been found to have lower toxicity in comparison to metal nanoparticles and 
so they have recently got much more attention from researchers. In a particular nanocomposite synthesis, Gong et al. applied 
the atomic layer deposition method for the synthesis of uniform Pd-nanoparticle catalyst over the activated carbon supports. 
The precursors used in this method are HCOH and Pd(II)hexafluoroacetylacetonate. The nanoparticles obtained had a 
uniform size and were found to be evenly distributed on the support. The given Fig. 7 shows the TEM image of Pd-
nanoparticles that are sub-ported on untreated AC. It was found that the increasing ALD cycles increased the density of Pd-
nanoparticles.34 

 

Fig. 7. TEM images of ALD Pd-NPs subported on untreated AC 

      Roonansi and Mazinini synthesized barium ferrite and activated carbon nano-composites which could be applicable as 
the photocatalysts for the degradation of organic dyes. In this synthesis, the 2:1 molar ratio of ferric and barium nitrates was 
dissolved in water and maleic anhydride was added as a complexing agent in 1:2 ratio to the nitrates at 600C, and the 
activated carbon was added to this mixture. The AC was added in such proportion that it could obtain the composite of AC 
to barium ferrite in 1:2 mass ratio. The suspension was kept under stirring till the temperature is homogenized and the 
concentrated gel is formed. Finally, the gel was heated at 4000C temperature for 30 minutes and the obtained sample was 
powdered. The results analyze that the introduction of activated carbon increases the photocatalytic reactivity of the 
composite against organic dyes.35 

      Pal et al. synthesized multicolor fluorescence surface passivated carbon dots (CDP) from curcumin. In this synthesis, 
0.3 g curcumin and a solution containing 60 mL water and 20 mL ethanol were mixed followed by the addition of 0.4g of 
polyethyleneimine (PEI), and the mixture was stirred for 30 minutes at a temperature of 800C. The color of the solution was 
changed from yellow to red. The solution was further processed to hydrothermal conditions at 2000C under 15kg/cm2g 
pressure in the presence of nitrogen for a time period of 12 hours. The solution obtained was dark brown which was further 
cooled and centrifuged at 15000 rpm for 30 minutes to obtain PEI passivated carbon dots. The characterization results 
confirm the size of carbon dots to be in the range of 2-3 nm and the shape to be nearly spherical. These carbon dots have 
been proven to be very much efficient in bioimaging and various bio-applications. The use of such carbon dots can be more 
interesting in wastewater treatment.36 

      In search of a greener approach, Nadeem et al. used vegetable oil soot to synthesize the carbon nanoparticles free from 
catalysts. In this synthesis, the oils extracted from mustard, olive and linseed were combusted in a clay lamp and the soot 
was collected and purified for controlled synthesis of carbon nanoparticles. The average nanoparticle size was 18 nm for 
mustard oil, 24 nm for olive oil and 57 nm for linseed oil. These nanoparticles showed excellent antibacterial activities.37 

2.3 Synthesis methods of polymer-based nanoparticles 

      Polymer-based nanoparticles show advanced biocompatibility in comparison to metal or carbon-based nanoparticles 
and so they have gained much appreciation in wastewater treatment and for other biological activities. In this aspect, Wang 
et al. used the hydrothermal method to synthesize the chitosan-based blue-green fluorescent carbon nanoparticles. In this 
synthesis, 50 mL of DI water was used to dissolve 1g of chitosan solid followed by heating the solution for 10 hours at 
2000C temperature. Further, the sample was cooled to room temperature and filtered. The sample was then processed to the 
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dialysis for a time period of 8 hours with a membrane of 1000 molecular weight. In this process, the water was changed in 
every four hours. Finally, the solution was frozen at a temperature of -800C and the chitosan-carbon NPs were obtained 
from the dryer in the form of powder. These nanoparticles reported a removal efficiency of about 54.6 % for heavy metal 
ions from wastewater which is much higher than normal carbon dots.38  

      Kumaresan et al. synthesized polymer-supported NiWO4 nanocomposites which were capable of degradation of toxic 
dyes under visible light. In this synthesis, the hydrothermal method is used to composite polyaniline (PA) and polypyrrole 
(PPy) with NiWO4 nanomaterial. The results reported that PA-NiWO4 composites have better efficiency in the degradation 
of dyes, and they can be recycled in multiple cycle. These nanocomposites degraded around 94.5 % of crystal violet and 
91.5 % of methylene blue. Figure (8) shows the degradation percentage of crystal violet and methylene blue dyes for 5 
cycles under PA-supported NiWO4 nanocomposites.39 

 

Fig. 8. Degradation of (a) Methylene blue and (b) Crystal violet by PA-NiWO4 

      Nitin Chandra Joshi and Neelam Kumar synthesized polymethyl methacrylate (PMMA) and ZnO nanoparticles-based 
nanocomposite. In this synthesis,0.1 molar ethanolic solution of zinc acetate was stirred for a time period of 45 minutes 
followed by adding a few drops of 8.2 M concentrated NaOH. The reaction mixture was further stirred for a time period of 
30 minutes and the collected ZnO-nanoparticles were first washed followed by drying. Further, a 7.5 mL solution of MMA 
was mixed with a solution of 15 mL chloroform, benzoyl peroxide and 1 g of ZnO-Nps. This mixture was further stirred 
for a time of 10 hours at a very low temperature of 20C and the resulting solution of PMMA-ZnO was dried. The 
PMMA/ZnO composites are found to be highly efficient in adsorbing toxic heavy metal cations such as Cr+6, Cd+2, and Pd+2 
under the optimized conditions of 600C temperature, pH 6, and 60-min agitation.40  

     Singh et al. synthesized a ternary nanocomposite (ZCP) from activated carbon (AC) fabricated with zinc oxide (ZnO) 
and polypyrrole (PPy). In this synthesis, the brown rice husk was used as an AC precursor. The carbonization of the husk 
and polymerization was performed in an acidic medium and the nanocomposite was prepared using the hydrothermal 
method. The resulting ZCP nanocomposites were efficient in degrading organic dyes such as methylene blue. The 
degradation efficiency was reported to be 98.12% at room temperature under visible light within 20 minutes while it was 
increased to 99.05% at high temperature.41  

2.4 Synthesis methods of waste material-based nanoparticles 

      Waste material management has always been a concern for new-age researchers. In this regard, when a few waste 
materials were used to produce certain new useful nanoparticles, they gathered positive attention and recognition from the 
global research communities. In this approach, Mohamed et al. applied the thermal decomposition method to synthesize the 
calcium oxide and (CaO/C) nano-powders. The eggshell and coffee wastes were used as the precursors for this synthesis. 
The spent coffee grounds (SPG) were used to synthesize the activated carbon and eggshell for calcium content. In this 
process, 40 g of SPG and 40 g of eggshells were mixed together, and the mixture was calcinated under 9000C for 4 hours 
in a furnace in atmospheric pressure. The resultant CaO and CaO/C nano-powders were tested for photocatalytic activity 
against the methylene blue dye when exposed to sunlight for a time period of 35 min. The results showed that the increase 
in the surface area enhances the photocatalytic efficiency and dye adsorption.42 

      Chen et al. synthesized carbon quantum dot (CQD)-carbon nanotubes (CNT) composites from the waste eggshell-
derived catalysts under a one-step chemical vapor deposition method. The resulting CQD-CNT composites have a very 
large surface area, surface functional groups, and surface structures in comparison to the defective carbon nanotubes. The 
adsorption of methylene blue dye on quantum dot-CNTs has been found to be 99.5% which is 4.6 times higher than pristine 
CNTs and 1.3 times higher than defective CNTs.43 Kammah et al. used water treatment residues to synthesize a novel, eco-
friendly, and economical adsorbent nanoparticle via high energy ball milling method. In this method, the water treatment 
residue (WTR) was first collected and sieved with the help of two mesh sizes 2millimeter and 51 micrometer. The WTR 
fractions passing through the mesh with 2 mm size was collected and mentioned as bulk residue sample while the fractions 
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passing through 51 micrometer mesh was selected for nanoscale production. The later sample was then processed to ball 
mill where it undergoes grinding to produce nano sized WTR. The resultant nanoparticles have been found excellent in the 
degradation of indigo carmine (IC) dye inside the contaminated water.44 

      Rani et al. synthesized fabricated nitrogen-doped carbon quantum dots (NCQD) nanoparticles from empty fruit bunches 
(agricultural waste) using the hydrothermal method. The obtained NCQD particle size is 3.2 nm and it performed strong 
photocatalytic activity against methyl green dye. Almost 99% of the dye was degraded under UV irradiation. The particles 
showed outstanding stability and reactivity in fluorescent properties even after 12 months of storage.45 

2.5 Synthesis methods of zeolite-based nanoparticles 

     Recently zeolite and zeolite-based nanoparticles have received much attention due to their unique structure and 
properties such as high surface area, chemical stability, selective adsorption, ion-exchange capacity, and biocompatibility, 
etc. suitable for wastewater treatment. In this regard, Tauanov et al. synthesized a new zeolite nanocomposite from the coal 
fly ash precursors using an alkaline-based hydrothermal method. In this synthesis, two types of fly ash samples were taken: 
K-coal fly ash and M-coal fly ash. These samples were separately processed in a heavy-walled hydrothermal reactor with a 
one-liter capacity. The setup was introduced with 3M sodium hydroxide solution for activation and the temperature was 
maintained at 1100C. The setup was kept for 48 hours under 125 rpm conditions followed by filtration of the final mixture 
till the neutralized pH is achieved. The obtained zeolite fly ashes were dried and stored. Further, 1.0 g of zeolite samples 
were mixed with 10 mL of AgNO3 solution at 3 mM concentration and processed for an ion-exchange reaction where the 
silver ion zeolite fly ash samples were obtained which were reduced to silver nanoparticles using an excess concentration 
of NaBH4. For further reference, the obtained silver-doped zeolite nanocomposites were marked as Ag-K-zeolite and Ag-
M-zeolite. In order to understand the adsorption efficiency for iodide ions, about 0.2 gram of nanocomposite was dissolved 
in 40 ml of iodide solution and the kinetic was observed for around 168 hours. The results show that the nanocomposites 
have iodide removal efficiency of about 94.85% with the average capacity of 20mg iodide saturation per gram composite. 
The logarithmic curves of adsorption kinetics explains that the adsorption rate was way faster in Ag-K-Z composite than in 
Ag-M-Z composite. The adsorption graph is shown in Fig. 9.46  

 

 

Fig. 9. Adsorption kinetics of iodide using both the ZFA-Nanoparticles 

      Abdelrehman et al. synthesized some different types of nano zeolites and geopolymers with the help of rice husk and 
the waste cans that are made up of aluminium. These waste materials have been used as precursors of ash, aluminium ad 
silicon. The method showed to be economical and appealing. In this synthesis, two types of solutions were prepared- (1) 
Si-solution with the help of refluxing rice husk ash in NaOH solution and (2) Al-solution via dissolving the cans in NaOH. 
The Al-solutions were made with different concentrations so as they were labelled as Al-1, Al-2 and Al-3. In further step 
the Al-solution was added dropwise to the Si-solution and stirred for almost 1.5 hours’ time duration followed hydrothermal 
processing and non-hydrothermal processing till the white precipitate obtained. 

      The synthesized nanoparticles were named as H1, H2 and H3 for hydrothermally produced samples and G1, G2, G3 for 
the samples without hydrothermal processing. The zeolite products H1, H2 and H3 have crystal size as 27.65 nm, 41.85 nm 
and 66.01 nm respectively while the geopolymer products G1,G2 and G3 have crystal size as 58.44 nm, 25.58 and 20.26 
nm respectively. These zeolite nanomaterials have shown strong efficiency in removal of toxic metal ions such as (Cu+2,Co+2 
and Zn+2 ) from wastewater.47  
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     Gayatri et al. synthesized zinc oxide-zeolite nanocomposite with the help of simple sol-gel method. In this synthesis the 
synthetic zeolites were first crushed and then activated under oven at a temperature of 1100C followed by treating with HCl 
and washing with distilled water until the pH is neutralized and finally the activated zeolites were filtered and dried. In next 
step the zinc acetate and activated zeolite were mixed in 2:1 ratio and dissolved in 99% concentrated ethanol solution 
followed by heating and stirring. The solution obtained was stabilized for 12 hours and then filtered and dried. The obtained 
ZnO based zeolite nanocomposites had a pore size of around 4.42 nm and the crystal size of around 32.87 nm. The 
nanocomposites were capable of degrading procion red dye under UV-light and degradation efficiency was obtained as 
90.42% under 2-hour time duration. Fig. 10 shows the comparison of dye degradation efficiency of ZnO nanoparticles, 
synthetic zeolite and ZnO based zeolite nanocomposite where the newly synthesized nanocomposites have shown the 
maximum efficiency.48 

 

Fig. 10. Photodegradation of porcion red under UV-lamp 

     Hamd et al. synthesised a new zeolite nanocomposite based on green seaweeds algae with the help of wet impregnation 
method in which 1 g zeolite was mixed with 1 g green seaweed algae in 20 mL of deionized water and stirred at 500 rpm 
on a magnetic stirrer for one hour and the process was repeated thrice after which the obtained nanocomposite solution 
filtered, washed and dried. The characterization results showed that the Z-SG nanocomposite has 40.2 nm size and they 
were able to remove 91. % of congo red dye from wastewater with a capacity of 19.70 mg/g. This capacity is much more 
efficient than zeolite nanopores or seaweed nanoparticles.51 

3. Conclusion  

     This review paper highlights some advanced nanoparticle synthesis methods involving greener, less toxic, energy saver 
and economic approaches. The involvement of green extracts like alga, Jatropha curcas, Cinnamomum Tamala, and pomelo 
peel extracts has shown significantly improved dye degradation, antibacterial and photocatalytic activities of the synthesized 
nanoparticles in comparison to the conventional methods. The nanoparticles derived from vegetable oil soot, egg shells, 
coffee wastes, rice husk, agricultural wastes, etc. are daily-life products and waste materials which incorporate a new way 
to synergize waste management and wastewater treatment, presenting an effective solution. This review will provide an 
enhanced sight for further research into the potential application of organic wastes or residues in designing more advanced, 
sustainable, and eco-friendly nanoparticles with enhanced activities. 

Conflicts of interest  

     There are no conflicts to declare. 

References 

1. Adejumoke A.I., Babatunde O.A., Abimbola P.O., Tabitha A.A.A., Adewumi O.D. and Toyin A.O. (2018) Water 
Pollution: Effects, Prevention, and Climatic Impact, in: Matjaz Glavan (Ed). Wat. Chall. Urb. World., IntechOpen, 
London, 33-53. 

2. 2 Z. W. S. Kundzewicz, B. C. Bates, Z. W. Kundzewicz, S. Wu and J. P. Palutikof, (1990) Climate Change and 
Water. Eos, Transactions American Geophysical Union, 71, 339–347. 

3. J. Hughes, K. Cowper-Heays, E. Olesson, R. Bell and A. Stroombergen. (2021) Impacts and implications of climate 
change on wastewater systems: A New Zealand perspective, Clim. Risk Manag., 2021, 31, 100262. 

4. Oghyanous, F.A. (2021) Nanoparticles in Wastewater Treatment, in: M. Eyvaz, A. Albahnasawi, E. Gurbulak and 
E.Yuksel,(Eds), Water Conservation - Inevitable Strategy., IntechOpen, London, 3, 1-13 

5. R. C. Olvera, S. L. Silva, E. Robles-Belmont and E. Z. Lau. (2017) Review of nanotechnology value chain for water 
treatment applications in Mexico. Resource-Efficient Technologies., 3, 1–11. 



S. Kumari et al.  / Current Chemistry Letters 13 (2024) 39

6. L. Xiao, J. Liu and J. Ge. (2021) Dynamic game in agriculture and industry cross-sectoral water pollution governance 
in developing countries. Agric. Water Manag., 243, 106417. 

7. A. Chowdhury, A. Naz and A. Chowdhury. (2022) Waste to resource: Applicability of fly ash as landfill geoliner to 
control ground water pollution. Mater. Today: Proc.., 60, 8–13. 

8. S. Bhadauria, R. S. Rajput and S. Pandey. (2017) Status of water pollution in relation to industrialization in Rajasthan. 
Rev. Environ. Health., 32, 245–252. 

9. G. Palani, A. Arputhalatha, K. Kannan, S. K. Lakkaboyana, M. M. Hanafiah, V. Kumar and R. K. Marella. (2021) 
Current trends in the application of nanomaterials for the removal of pollutants from industrial wastewater treatment—
a review. Mol., 26, 2799. 

10. B. Lellis, C. Z. Fávaro-Polonio, J. A. Pamphile and J. C. Polonio. (2019) Effects of textile dyes on health and the 
environment and bioremediation potential of living organisms. Biotechnol. Res. Innov., 3, 275–290. 

11. A. Fahad, M. Radin, M. Saphira, B. Radhi and M. Al-Sahari. (2019) Wastewater and its Treatment Techniques: An 
Ample Review. Indian J Sci Technol., 12, 1–13. 

12. A. Baruah, V. Chaudhary, R. Malik and V. K. Tomer. (2019) Nanotechnology Based Solutions for Wastewater 
Treatment, in: A. Ahsan and A.F Ismail, (Eds). Nanotechnology in Water and Wastewater Treatment: Theory and 
Applications., Elsevier, Amsterdam, 1, 17, 337–368. 

13. G. Crini and E. Lichtfouse, (2019) Advantages and disadvantages of techniques used for wastewater treatment. Env. 
Chem. Lett., 17, 145–155. 

14. C. Gomez-Solís, J. C. Ballesteros, L. M. Torres-Martínez, I. Juárez-Ramírez, L. A. Díaz Torres, M. E. Zarazua-Morin 
and S. W. Lee. (2015) Rapid synthesis of ZnO nano-corncobs from Nital solution and its application in the 
photodegradation of methyl orange. J. Photochem. Photobiol. A., 298, 49–54. 

15. K. Umar, A. A. Dar, M. M. Haque, N. A. Mir and M. Muneer. (2012) Photocatalysed decolourization of two textile dye 
derivatives, Martius Yellow and Acid Blue 129, in UV-irradiated aqueous suspensions of Titania. Desalin. Water Treat., 
46, 205–214. 

16. I. Khan, K. Saeed and I. Khan.(2019) Nanoparticles: Properties, applications and toxicities. Arab. J. Chem., 12, 908–
931. 

17. X. Qu, J. Brame, Q. Li and P. J. J. Alvarez. (2013) Nanotechnology for a safe and sustainable water supply: Enabling 
integrated water treatment and reuse. Acc. Chem. Res., 46, 834–843. 

18. B. A. Kairdolf, X. Qian and S. Nie. (2017) Bioconjugated nanoparticles for biosensing, in vivo imaging, and medical 
diagnostics. Anal. Chem., 89, 1015–1031. 

19. N. A. Ahmad, P. S. Goh, A. K. Zulhairun, T. W. Wong and A. F. Ismail. (2021) The Role of Functional Nanomaterials 
for Wastewater Remediation, in: A. F. Ismail and P. S. Goh. (Eds) Functional Hybrid Nanomaterials for Environmental 
Remediation, The Royal Society of Chemistry, Cambridge, 1, 1–28. 

20. M. S. Usman, M. E. el Zowalaty, K. Shameli, N. Zainuddin, M. Salama and N. A. Ibrahim. (2013) Synthesis, 
characterization, and antimicrobial properties of copper nanoparticles. Int. J. Nanomedicine., 8, 4467. 

21. Z. Yin, C. Cui, H. Chen, Duoni, X. Yu and W. Qian. (2021) The Application of Carbon Nanotube/Graphene-Based 
Nanomaterials in Wastewater Treatment. Small., 16, 1902301. 

22. U. A. Rani, L. Y. Ng, C. Y. Ng and E. Mahmoudi. (2020) A review of carbon quantum dots and their applications in 
wastewater treatment. Adv. Colloid Interface Sci., 278, 102124. 

23. S. Shahabuddin, R. Gaur, N. Mukherjee, P. Chandra and R. Khanam. (2022) Conducting polymers-based 
nanocomposites: Innovative materials for waste water treatment and energy storage.  Mater. Today: Proc.., 62, 6950–
6955. 

24. D. D. Merin, S. Prakash and B. V. Bhimba. (2010) Antibacterial screening of silver nanoparticles synthesized by marine 
micro algae. Asian Pac. J. Trop. Med., 3, 797–799. 

25. M. A. Elkodous, H. A. Hamad, M. I. A. A. Maksoud, G. A. M. Ali, M. el Abboubi, A. G. Bedir, A. A. Eldeeb, A. A. 
Ayed, Z. Gargar, F. S. Zaki, D. A. M. Farage, A. Matsuda, M. R. Abdelnour, B. A. Sabra, A. Elsayed, T. A. Abdelrazek, 
S. T. Abdelhameed, M. A. Gharieb, M. M. Rabee, S. A. Aboeldiar, N. A. Abdo, A. M. Elwakeel, A. S. Mahmoud, M. 
M. M. Elsaid, W. M. Omar, R. A. Hania, N. G. Mahmoud, A. S. S. Elsayed, T. M. Mohamed, M. A. Sewidan, M. A. M. 
Sayed, A. A. Abbas, A. H. Elsayed, A. M. Alazab, M. A. Basyooni, M. Magdy, E. A. Mashaly, O. M. Salem, S. Saber, 
A. A. Hafez, W. K. Tan and G. Kawamura. (2022) Cutting-edge development in waste-recycled nanomaterials for 
energy storage and conversion applications. Nanotechnol. Rev., 11, 2215–2294. 

26. M. I. Dar, S. Sampath and S. A. Shivashankar. (2012) Microwave-assisted, surfactant-free synthesis of air-stable copper 
nanostructures and their SERS study. J. Mater. Chem., 22, 22418–22423. 

27. T. Stalin Dhas, V. Ganesh Kumar, V. Karthick, K. Jini Angel and K. Govindaraju. (2014) Facile synthesis of silver 
chloride nanoparticles using marine alga and its antibacterial efficacy. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy., 120, 416–420. 

28. R. A. Ismail, G. M. Sulaiman, S. A. Abdulrahman and T. R. Marzoog. (2015) Antibacterial activity of magnetic iron 
oxide nanoparticles synthesized by laser ablation in liquid. Mater. Sci. Eng. C ., 53, 286–297. 

29. T. K. Pathak, R. E. Kroon and H. C. Swart. (2018) Photocatalytic and biological applications of Ag and Au doped ZnO 
nanomaterial synthesized by combustion. Vacuum., 157, 508–513. 

30. S.V. Kumar, A. P. Bafana, P. Pawar, M. Faltane, A. Rahman, S. A. Dahoumane, A. Kucknoor and C. S. Jeffryes. (2019) 
Optimized production of antibacterial copper oxide nanoparticles in a microwave-assisted synthesis reaction using 
response surface methodology. Colloids Surf. A: Physicochem. Eng., 573, 170–178. 



 40

31. C. Das, S. Sen, T. Singh, T. Ghosh, S. S. Paul, T. W. Kim, S. Jeon, D. K. Maiti, J. Im and G. Biswas. (2020) Green 
Synthesis, Characterization and Application of Natural Product Coated Magnetite Nanoparticles for Wastewater 
Treatment. Nanomater., 10, 1615. 

32. V. T. Nguyen. (2022) Sunlight-Driven Synthesis of Silver Nanoparticles Using Pomelo Peel Extract and Antibacterial 
Testing. J. Chem., 6407081,  

33. N. van Hung, B. Thi Minh Nguyet, N. Huu Nghi, V. Thang Nguyen, T. Vu Binh, N. Thi Thanh Tu, N. Nho Dung, D. 
Quang Khieu, D. Thang, H. Khanh Nam, L. Chieu, D. Nang, V. Nam, S. Thanh Khe, T. Khe Tay and T. Khe. (2021) 
Visible light photocatalytic degradation of organic dyes using W-modified TiO2/SiO2 catalyst. Vietnam J. Chem., 59, 
620–638. 

34. T. Gong, L. Qin, W. Zhang, H. Wan, J. Lu and H. Feng. (2015) Activated carbon supported palladium nanoparticle 
catalysts synthesized by atomic layer deposition: Genesis and evolution of nanoparticles and tuning the particle size. J. 
Phys. Chem. C., 119, 11544–11556. 

35. P. Roonasi and M. Mazinani. (2017) Synthesis and application of barium ferrite/activated carbon composite as an 
effective solar photocatalyst for discoloration of organic dye contaminants in wastewater. J. Environ. Chem. Eng., 5, 
3822–3827. 

36. T. Pal, S. Mohiyuddin and G. Packirisamy. (2018) Facile and Green Synthesis of Multicolor Fluorescence Carbon Dots 
from Curcumin: In Vitro and in Vivo Bioimaging and Other Applications. ACS Omega., 3, 831–843. 

37. S. Nadeem, M. Javed, S. Iqbal, A. Mohyuddin, Q. Mahmood, Q. Abbas, N. Alfryyan, M. D. Alqahtani, M. T. Alotaibi, 
H. O. Alsaab, N. S. Awwad, H. A. Ibrahium, E. B. Elkaeed, M. N. Ahmad, S. M. Haroon and H. Raza. (2022) Facile 
Synthesis of Catalyst Free Carbon Nanoparticles From the Soot of Natural Oils. Front. Mater. Sci., 9, 293. 

38. P. Wang, L. Li, X. Pang, Y. Zhang, Y. Zhang, W. F. Dong and R. Yan. (2021) Chitosan-based carbon nanoparticles as 
a heavy metal indicator and for wastewater treatment. RSC Advances., 11, 12015–12021. 

39. A. Kumaresan, A. Arun, V. Kalpana, P. Vinupritha and E. Sundaravadivel. (2022) Polymer-supported NiWO4 
nanocomposites for visible light degradation of toxic dyes.  J. Mater. Sci.: Mater. Electron., 33, 9660–9668. 

40. N. C. Joshi and N. Kumar. (2022) Synthesis, characterisation and adsorption applications of PMMA/ZnO-based 
nanocomposite material. Nanotechnol. Environ. Eng., 7, 425–436. 

41. A. R. Singh, P. S. Dhumal, M. A. Bhakare, K. D. Lokhande, M. P. Bondarde and S. Some. (2022) In-situ synthesis of 
metal oxide and polymer decorated activated carbon-based photocatalyst for organic pollutants degradation. Sep. Purif. 
Technol., 286, 120380. 

42. F. Mohamed, M. Shaban, G. Aljohani and A. M. Ahmed. (2021) Synthesis of novel eco-friendly CaO/C photocatalyst 
from coffee and eggshell wastes for dye degradation. J. Mater. Res. Technol.,14, 3140–3149. 

43. Q. Chen, H. Wang, X. Tang, Z. Ba, X. Zhao, Y. Wang and H. Deng. (2021) One-step synthesis of carbon quantum dot-
carbon nanotube composites on waste eggshell-derived catalysts for enhanced adsorption of methylene blue. J. Environ. 
Chem. Eng., 9, 106222. 

44. M. El-Kammah, E. Elkhatib, S. Gouveia, C. Cameselle and E. Aboukila. (2022) Cost-effective ecofriendly nanoparticles 
for rapid and efficient indigo carmine dye removal from wastewater: Adsorption equilibrium, kinetics and mechanism. 
Environ. Technol. Innov., 28, 102595. 

45. U. A. Rani, L. Y. Ng, Y. S. Ng, C. Y. Ng, Y. H. Ong and Y. P. Lim. (2022) Photocatalytic degradation of methyl green 
dye by nitrogen-doped carbon quantum dots: Optimisation study by Taguchi approach. MSEB., 283, 115820.  

46. Z. Tauanov and V. J. Inglezakis. (2019) Removal of iodide from water using silver nanoparticles-impregnated synthetic 
zeolites. Sci. Total Environ., 682, 259–270. 

47. E. A. Abdelrahman, Y. G. Abou El-Reash, H. M. Youssef, Y. H. Kotp and R. M. Hegazey. (2021) Utilization of rice 
husk and waste aluminum cans for the synthesis of some nanosized zeolite, zeolite/zeolite, and geopolymer/zeolite 
products for the efficient removal of Co(II), Cu(II), and Zn(II) ions from aqueous media. J. Hazard. Mater., 401, 123813. 

48. R. Gayatri, T. E. Agustina, D. Bahrin, R. Moeksin and G. Gustini. (2021) Preparation and Characterization of ZnO-
Zeolite Nanocomposite for Photocatalytic Degradation by Ultraviolet Light.  J. Ecol. Eng., 22, 178–186. 

49. A. Hamd, M. Shaban, H. Almohamadi, A. R. Dryaz, S. A. Ahmed, K. A. Abu Al-Ola, H. R. Abd El-Mageed and N. K. 
Soliman. (2022) Novel Wastewater Treatment by Using Newly Prepared Green Seaweed–Zeolite Nanocomposite. ACS 
Omega., 7, 11044–11056. 

 
  
 

 

© 2024 by the authors; licensee Growing Science, Canada. This is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) 
license (http://creativecommons.org/licenses/by/4.0/). 

 


