
Submit Manuscript | http://medcraveonline.com

Introduction 
Nanotechnology is one of the most auspicious techniques for 

revolutionizing the environmental remediation that can be defined as 
a collection of emergent advancements which work on the scale of 
nanometer (specifically, within the range of 1 to 100 nm) to produce 
devices, systems, and materials with primarily new functions and 
properties by controlling the shape and the size of matter.1 The 
worldwide momentum of nanotechnology because of its promising 
applications which are encompassing several fields such as energy,2 
medicine, and treatment of pollution that is offering leaping predictions 
in the transformation and improvement of conservative remediation 
approaches3 Air ution. Diverse developments comprising deposition 
precipitation (DP), photocatalytic deposition (PD), chemical vapor 
decomposition (CVD), wet chemical method, chemical solution 
decomposition (CSD), hydrothermal processes, thermal procedures, 
sol–gel, and ultrasonic irradiation.4

Nanomaterials have been reported to be useful for synthesizing 
several kinds of nanomaterials which show exclusive merits diverse 
from that of their huge equivalents.5 The extraordinary characteristics 
for example thermal, mechanical, optical, electromagnetic, 
morphological, and structural features offer the nanomaterials with 
beneficial sorts for a lot of applications where they can be employed 
as nanoadsorbents, nanomembrane, disinfectants, and nanosensors.6 
Moreover, several attempts were published to manufacture more 
refined nanostructure (such as, nanorods, nanowires, nanobelts, 
and nanofibers) with the purpose of increasing the adaptability of 
nanomaterials and to overcome all the problems which obstruct their 
applications.7 The nanotechnology research solutions, developments 
and products which are available already have been explained as 
follows (Figure 1): 

Figure 1 Application of nanomaterials in healthcare and ecosystem safety.

Water sector

Nanotechnology is functional for the treatment of waste water and 
drinking water along with the remediation of groundwater. Moreover 
many of the following techniques for commercialized applications 
and products are also under developing or in the testing phases.8

Separation or Filtration

Nanomembranes are one of the finest states of the art technologies. 
Since the membrane material substances of inorganic ceramics and 
organic polymers are useful for water treatment.9 The Nano filtration 
applications have been working effectively such as in the treatment of 
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Abstract

Nanomaterials have been reported to be useful for synthesizing several kinds of 
nanomaterials which show diverse advantages. The remarkable developments in 
nanotechnology and the crucial need to develop robust, economic, and green approaches for 
ecological conservation, this review highlights the promising applications of nanomaterial 
and provides a comprehensive view on benefits of nanotechnology regarding the healthcare 
and environmental safety systems. The concentration on nanotechnology in public debates 
has increased over the last few decades. Nanotechnology is found to be one of the crucial 
future knowledge. The current study concentrates on the applications of nanotechnology in 
ecological safety, particularly in the air and water sectors.
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drinking water, food industry in addition to in the dyestuff and textile 
industries.10 A higher potential for nanotechnology is predictable in 
the sectors of seawater purification.11

Surface treatment

Several developments have the aim of providing nanomaterial 
functions, for example specific mechanical or chemical characteristics. 
Nano-based coatings might minimize such as the fouling progressions 
and deposit on membranes, in heat reactors and exchangers and on 
hulls of ships.12

Adsorption

Nano-based adsorbents are often used for diverse purposes of 
water treatment. Instances are separation of arsenic from waste or 
drinking water and a paper like substance made from nanowire to 
absorb hydrophobic liquids from water for example mineral oils.13 

Nanocatalysts

The titanium dioxide of nanoscale has been reported to be 
useful as a catalyst in the treatment of waste water. In the course of 
photo-catalysis, the brightness of the titanium dioxide occurs due to 
liberation of oxygen and water from the air which being transformed 
into reactive radicals of hydroxyl functional group and break organic 
contaminants resistant to natural degradation inside the water. 
Advancement is concentrated on applying photo-catalysis in the 
regions with strong sunlight and for the treatment of little proportion 
of marginally contaminated water. More research disquiets the 
catalyst development (nano-sized ferromagnetic carrier that contains 
palladium traces) for wastewater treatment polluted with halogenated 
hydrocarbons.14 

Nanoreagents

Various kinds of nanoparticles based upon the zero-valent iron are 
being functional for in-situ remediation of groundwater. In addition, 
pure nano-sized iron is also bimetallic nanomaterials and nanoparticles 
of iron on activated carbon have been used in pilot and lab trials and 
used already partially for the remediation of groundwater. Applications 
and developments concentrate on the break of chlorinated organic 
components in the groundwater.15

Air sector

Since last 35 years, the nanotechnology has been functional 
in motorized catalytic exhaust converters. Moreover, products of 
nanotechnology are implemented in photocatalysis and in air filters 
for purification of air.16

Catalytic converters

In the automobile subdivision, catalytic converters are the piece 
of art development. The three-way catalytic converter has a body 
of stainless steel which comprises catalytic materials as the layers 
on different substrates also known as washing coats. The catalytic 
elements of the noble metals in the washing coats are also of nano 
size. Study is presently under way, among other material objects, to 
minimalize the quantity of noble metals but with the similar catalytic 
performances.17 

Filtration

In the auto motor industry, the filtration media ruled with Nano-
fibers are commonly used in filters for curbside cabin air. Nano-fibers 
coated filtration medium is also functional for air separation (for 
example dust removal) at industrialized plants and for purification of 
the inlet air for gas turbines. Study emphases, among other things, 

on the optimization and development of Nano-sized membranes for 
carbon dioxide capturing from flue gases of power plants (Figure 2).18

Figure 2 Nanomaterials for water treatment.

Soil pollution and remediation 

Because of the fact that heavy metal activity in soils is controlled 
by desorption and sorption reactions with other ingredients of soil, 
extensive variety of adjustment agents have been used for manipulating 
the heavy metal bioavailability and to impeding their diffusions in 
soil by prompting several sorption procedures like mineral surface 
adsorption, establishment of stable organic ligand complexes, ion 
exchanges and surface precipitation.19 

There are two major sorts of amendment mediators: (a) mobilizing 
agents that rise the mobility and bioavailability of heavy metals and 
improve their elimination through soil washing and plant intake 
(specifically, phytoextraction), and (b) restraining amendment 
mediators which reduce the mobility and bioavailability of heavy 
metals and decrease their transference to food chain by stopping 
their groundwater leaching (specifically, Phyto stabilization). Both 
Phyto stabilization and phytoextraction developments are part of 
phytoremediation method which is employed to cope polluted soils.20

Agricultural applications

The non-reestablished destruction to agriculture causes suffering 
because of numerous aspects for example fungi, weeds, and insects 
from several centuries, and leads towards the wide-ranging reduction 
in produces. The SiO2/QD/Au colloid particle based in vivo (IVIS) 
nanoparticles that has inserted into the chest wall of a rate also 
demonstrated to be suitable for pesticide diagnostics. Silicon matter 
has been significantly resolved by injecting the biochemical pesticides 
in the agricultural sectors. But due to the high management of chemical 
pesticides and eventual degenerate of such applications has justified 
for primarily substitutes for health and environmental anxieties. The 
ground water contamination and despoiled soils has caused nutritional 
wise imbalanced and unproductive lands (Figure 3).21

Figure 3 Nanomaterials for agricultural science.
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There are accumulation apprehensions of public health on the 
subject of using different chemical pesticides as they are related to 
different types of neurologic pathologies, respiratory difficulties, 
and cancers, hormonal and reproductive anomalies. As stated by 
few epidemiological reviews, therefore, environmental friendly 
insecticides are in the primary consideration in the current situations. 
In the warehouse food supplies the inactivity, is mostly caused by such 
elements together with fungi, insects, and rodents under compound 
storage settings. The approximation of yield costs by insects and 
diseases extended within the range of 50 to 100% in tropical regions 
and 5 to 10% in temperate regions.22 

In recent years, a mesoporous honeycomb silica nanoparticle 
structure was manufactured in plant biotechnology with the pore 
sizes of 3nm that works as a nano carrier for genetic resources and 
chemicals into intact leaves and extracted plant cells. The scientists 
loaded the mesoporous silica nanoparticle accompanied by the genes 
and associated chemical inducers with capped over nanoparticles of 
gold that preserve the particles from leaking out. More developments 
of such elements such as multi-functional purposes and pore expansion 
may offer inventive potentials in directing particular distribution of 
chemicals, proteins, and nucleotides.23 

Food and cosmetic applications

The development in protections, processing, productions, and 
packaging of foodstuffs is developed by incorporating nanotechnology. 
For example a covering of nano-composites in the course of the 
food packaging procedure can willingly brought the anti-bacterial 
ingredients on the layered films. The most protruding instance is 
the production of industrial canola oil taking into consideration the 
nano-drops that exist as a preservative considered to transmit the 
vitamins and minerals into the nutritious materials. The sunscreen 
encompassing nanoparticles such as titanium dioxide distributes 
copious advantages.24

Biomedical applications

Biomarkers should be very specific on the horizon to the 
biomolecules to detect and should have continuous signal transducer. 
Nanoparticles due to their small size and higher surface area to 
volume ratio are follows for perceiving even the miniature matters. 
Currently, Quantum dots are the most important nano-probes useful 
in imaging diagnostics.25 Although Quantum dots are used extensively 
in the biomedical resolutions, there is a wide anxiety about the 
destructiveness of heavy metals for example cadmium and lead that 
exists in QD may impair the cells. Likewise, QD are inexplicable in 
water thus they have to be related to few polymers to use it in fluidic 
biological settings. Thus, alternative nanoparticles are unspoiled for 
biological imaging which reported to be less deadly.26 

Silica nanoparticles are also found to be valuable to differentiate 
the living cells. They are also documented to express the human 
mesenchymal stem cells osteogenesis. Since the osteogenesis 
and adipogenesis are connected inversely, the silica nanoparticles 
decrease the differentiation of adipogenic.27 Such properties of silica 
nanoparticles can be applied for the cure of obesity. In the meantime, 
another scholar recommends preparation strategies for core shell and 
quantum dots silica particles that immobilize gold nanoparticles (QD/
Au/SiO2) with an average size of 48 nm equipped with the support of 
a sol-gel technique under the reaction of tetraethyl orthosilicate along 
with the QDs with characteristic size of 10.5 nm. Both the internal and 
external surfaces of mesoporous silica nanoparticles can be functional 
with multiple effective clusters (Figure 4).28

Figure 4 Nanomaterials for biomedical science.

Biotechnological applications

Nanotechnology has improved the medical subdivision with the 
amalgamation of nanomaterials for delivering drugs. The medications 
can be delivered to specific tissues with the help of nanomaterials.29 
The inclusive consumptions of medicine and side effects are reduced 
expressively by organizing the medicines in the particular body parts 
in prerequisite doses. This approach reduces the costs and contiguous 
effects. The repairing and reproductions of spoiled tissue also known 
as tissue engineering can be accomplished by nanotechnology 
development. Another parallel example is the development of carbon 
based framework nanotubes. An additional conventional treatment 
is to use gold-plated nanoparticles to increase the reminiscence. To 
advance the mental competence of the children, the gold is included 
in specific medical supplies.30

Conclusion 
The intensified human activities are shaking the environment 

balance and human health by nourishing with large quantities of 
anthropogenic perilous toxic elements which pollute water, atmosphere, 
and soil and subsequently intimidate public health of human beings. 
Since an effort to accept a companionable treatment technology 
to clean up all the wastes which are left behind the industrialized 
revolution, it accounts basically compared the applications of 
auspicious nanotechnology to conservative approaches in ecological 
and health remediation. Furthermore, this review also emphasized the 
obstacles which restrict the applications of nanomaterials and subdue 
the benefits of their unequaled virtues; such difficulties comprise 
conditions of adjacent environments such as humidity, particle 
agglomeration, temperature, and separation complications. It has 
been presented that nanotechnology shows incredible characteristics 
for multifunctional, robust, and advanced treatment procedures which 
can improve treatment performance, pollution monitoring, in addition 
to overcome all the aforesaid barricades.

Acknowledgments
None.

Funding 
None.

Conflicts of interest 
Authors declare that there is no conflict of interest.

https://doi.org/10.15406/mojes.2022.07.00251


Applications of nanomaterials for health and environment protection 87
Copyright:

©2022 Iqbal et al.

Citation: Iqbal A, Raza MH, Jadoon H, et al. Applications of nanomaterials for health and environment protection. MOJ Eco Environ Sci. 2022;7(3):84‒87. 
DOI: 10.15406/mojes.2022.07.00251

References
1.	 Shatkin JA, Kim B. Cellulose nanomaterials: life cycle risk assessment, 

and environmental health and safety roadmap. Environmental Science: 
Nano. 2015;2(5):477–499.

2.	 Asif M, Salman MU, Anwar S, et al. Renewable and non‐renewable 
energy resources of Pakistan and their applicability under current 
scenario of Pakistan. OPEC Energy Review. 2022.

3.	 Asif M, Sharf B, Anwar S. Effect of heavy metals emissions on 
ecosystem of Pakistan. Indonesian Journal of Social and Environmental 
Issues (IJSEI). 2020;1(3):160–173. 

4.	 Viswanath B, Kim S. Influence of nanotoxicity on human health and 
environment: the alternative strategies. In Reviews of environmental 
contamination and toxicology. Rev Environ Contam Toxicol. 
2017;242:61–104.

5.	 Chen C, Wang H. Biomedical applications and toxicology of carbon 
nanomaterials. John Wiley & Sons; 2016.

6.	 Boverhof DR, Bramante CM, Butala JH, et al. Comparative assessment 
of nanomaterial definitions and safety evaluation considerations. Regul 
Toxicol Pharmacol. 2015;73(1)137–150.

7.	 Han J, Xiong L, Jiang X, et al. Bio-functional electrospun nanomaterials: 
From topology design to biological applications. Progress in Polymer 
Science. 2019;91:1–28.

8.	 Boyes WK, Thornton BLM, Al-Abed SR, et al. A comprehensive 
framework for evaluating the environmental health and safety 
implications of engineered nanomaterials. Crit Rev Toxicol. 
2017;47(9):771–814.

9.	 Yousuf S, Donald A, Hassan A. A review on particulate matter and heavy 
metal emissions; impacts on the environment, detection techniques and 
control strategies. MOJ Eco Environ Sci, 2022;7(1):1–5.

10.	 Asif M, Saleem S, Tariq A, et al. Pollutant emissions from brick kilns 
and their effects on climate change and agriculture. ASEAN Journal of 
Science and Engineering. 2021;1(2):135–140. 

11.	 Hussain CM, Kharisov B. Advanced environmental analysis: 
applications of nanomaterials: Volume 1. Royal Society of Chemistry; 
2016.

12.	 Li F, Jiang X, Zhao J, et al. Graphene oxide: a promising nanomaterial 
for energy and environmental applications. Nano Energy. 2015;16:488–
515.

13.	 Ramachandraiah K, Han SG, Chin KB. Nanotechnology in meat 
processing and packaging: potential applications—a review. Asian-
Australas J Anim Sci. 2015;28(2):290.

14.	 Vance ME, Kuiken T, Vejerano EP, et al. Nanotechnology in the real 
world: Redeveloping the nanomaterial consumer products inventory. 
Beilstein Journal of Nanotechnology. 2015;6(1):1769–1780.

15.	 Corsi I, Winther-Nielsen M, Sethi R, et al. Ecofriendly nanotechnologies 
and nanomaterials for environmental applications: key issue and 

consensus recommendations for sustainable and ecosafe nanoremediation. 
Ecotoxicology and Environmental Safety. 2018;154:237–244.

16.	 Peters RJB, Bouwmeester H, Gottardo S, et al. Nanomaterials for 
products and application in agriculture, feed and food. Trends in Food 
Science & Technology. 2016;54:155–164.

17.	 Sadegh H, Ali GAM, Gupta VK, et al. The role of nanomaterials as 
effective adsorbents and their applications in wastewater treatment. 
Journal of Nanostructure in Chemistry. 2017;7(1):1–14.

18.	 Garcia CV, Shin GH, Kim JT. Metal oxide-based nanocomposites in 
food packaging: Applications, migration, and regulations. Trends in 
Food Science & Technology. 2018;82:21–31.

19.	 Socas-Rodríguez B, González-Sálamo J, Hernandez-Borges J, et al. 
Recent applications of nanomaterials in food safety. TrAC Trends in 
Analytical Chemistry. 2017;96:172–200.

20.	 Li J, Zhao T, Chen T, et al. Engineering noble metal nanomaterials for 
environmental applications. Nanoscale. 2015;7(17):7502–7519.

21.	 Mazzaglia A, Fortunati E, Kenny JM, et al. Nanomaterials in plant 
protection. Nanotechnology in Agriculture and Food Science. 
2017;7:115–133.

22.	 Shang Y, Hasan M, Ahammed GJ, et al. Applications of nanotechnology 
in plant growth and crop protection: a review. Molecules. 
2019;24(14):2558.

23.	 Kaphle A, Navya PN, Umapathi A, et al. Nanomaterials for agriculture, 
food and environment: applications, toxicity and regulation. 
Environmental Chemistry Letters. 2018;16(1):43–58.

24.	 Bumbudsanpharoke N, Choi J, Ko S. Applications of nanomaterials in 
food packaging. J Nanosci Nanotechnol. 2015;15(9):6357–6372.

25.	 Liu X, Yao Y, Ying Y, et al. Recent advances in nanomaterial-enabled 
screen-printed electrochemical sensors for heavy metal detection. TrAC 
Trends in Analytical Chemistry. 2019;115:187–202.

26.	 Zhang Y, Niu Q, Gu X, et al. Recent progress on carbon nanomaterials for 
the electrochemical detection and removal of environmental pollutants. 
Nanoscale. 2019;11(25):11992–12014.

27.	 Walekar L, Dutta T, Kumar P, et al. Functionalized fluorescent 
nanomaterials for sensing pollutants in the environment: A critical 
review. TrAC Trends in Analytical Chemistry. 2017;97:458–467.

28.	 Ramnani P, Saucedo NM, Mulchandani A. Carbon nanomaterial-based 
electrochemical biosensors for label-free sensing of environmental 
pollutants. Chemosphere. 2016;143:85–98.

29.	 Kukkar D, Vellingiri K, Kaur R, et al. Nanomaterials for sensing 
of formaldehyde in air: Principles, applications, and performance 
evaluation. Nano Research. 2019;12(2):225–246.

30.	 Viswanathan S, Manisankar P. Nanomaterials for electrochemical 
sensing and decontamination of pesticides. J Nanosci Nanotechnol. 
2015;15(9):6914–6923.

https://doi.org/10.15406/mojes.2022.07.00251
https://pubs.rsc.org/en/content/articlelanding/2015/en/c5en00059a
https://pubs.rsc.org/en/content/articlelanding/2015/en/c5en00059a
https://pubs.rsc.org/en/content/articlelanding/2015/en/c5en00059a
https://onlinelibrary.wiley.com/doi/10.1111/opec.12230?af=R
https://onlinelibrary.wiley.com/doi/10.1111/opec.12230?af=R
https://onlinelibrary.wiley.com/doi/10.1111/opec.12230?af=R
https://ojs.literacyinstitute.org/index.php/ijsei/article/download/60/59
https://ojs.literacyinstitute.org/index.php/ijsei/article/download/60/59
https://ojs.literacyinstitute.org/index.php/ijsei/article/download/60/59
https://pubmed.ncbi.nlm.nih.gov/27718008/
https://pubmed.ncbi.nlm.nih.gov/27718008/
https://pubmed.ncbi.nlm.nih.gov/27718008/
https://pubmed.ncbi.nlm.nih.gov/27718008/
https://onlinelibrary.wiley.com/doi/book/10.1002/9783527692866
https://onlinelibrary.wiley.com/doi/book/10.1002/9783527692866
https://pubmed.ncbi.nlm.nih.gov/26111608/
https://pubmed.ncbi.nlm.nih.gov/26111608/
https://pubmed.ncbi.nlm.nih.gov/26111608/
https://www.sciencedirect.com/science/article/pii/S0079670018303307
https://www.sciencedirect.com/science/article/pii/S0079670018303307
https://www.sciencedirect.com/science/article/pii/S0079670018303307
https://pubmed.ncbi.nlm.nih.gov/28661217/
https://pubmed.ncbi.nlm.nih.gov/28661217/
https://pubmed.ncbi.nlm.nih.gov/28661217/
https://pubmed.ncbi.nlm.nih.gov/28661217/
https://medcraveonline.com/MOJES/a-review-on-particulate-matter-and-heavy-metal-emissions-impacts-on-the-environment-detection-techniques-and-control-strategies.html
https://medcraveonline.com/MOJES/a-review-on-particulate-matter-and-heavy-metal-emissions-impacts-on-the-environment-detection-techniques-and-control-strategies.html
https://medcraveonline.com/MOJES/a-review-on-particulate-matter-and-heavy-metal-emissions-impacts-on-the-environment-detection-techniques-and-control-strategies.html
https://ejournal.upi.edu/index.php/AJSE/article/view/38925
https://ejournal.upi.edu/index.php/AJSE/article/view/38925
https://ejournal.upi.edu/index.php/AJSE/article/view/38925
https://pubs.rsc.org/en/content/ebook/978-1-78262-144-7
https://pubs.rsc.org/en/content/ebook/978-1-78262-144-7
https://pubs.rsc.org/en/content/ebook/978-1-78262-144-7
https://www.sciencedirect.com/science/article/pii/S2211285515003079
https://www.sciencedirect.com/science/article/pii/S2211285515003079
https://www.sciencedirect.com/science/article/pii/S2211285515003079
https://pubmed.ncbi.nlm.nih.gov/25557827/
https://pubmed.ncbi.nlm.nih.gov/25557827/
https://pubmed.ncbi.nlm.nih.gov/25557827/
https://www.beilstein-journals.org/bjnano/articles/6/181
https://www.beilstein-journals.org/bjnano/articles/6/181
https://www.beilstein-journals.org/bjnano/articles/6/181
https://www.sciencedirect.com/science/article/abs/pii/S0924224415300467
https://www.sciencedirect.com/science/article/abs/pii/S0924224415300467
https://www.sciencedirect.com/science/article/abs/pii/S0924224415300467
https://link.springer.com/article/10.1007/s40097-017-0219-4
https://link.springer.com/article/10.1007/s40097-017-0219-4
https://link.springer.com/article/10.1007/s40097-017-0219-4
https://khu.elsevierpure.com/en/publications/metal-oxide-based-nanocomposites-in-food-packaging-applications-m
https://khu.elsevierpure.com/en/publications/metal-oxide-based-nanocomposites-in-food-packaging-applications-m
https://khu.elsevierpure.com/en/publications/metal-oxide-based-nanocomposites-in-food-packaging-applications-m
https://www.sciencedirect.com/science/article/abs/pii/S0165993617301346
https://www.sciencedirect.com/science/article/abs/pii/S0165993617301346
https://www.sciencedirect.com/science/article/abs/pii/S0165993617301346
https://pubs.rsc.org/en/content/articlelanding/2015/nr/c5nr00857c
https://pubs.rsc.org/en/content/articlelanding/2015/nr/c5nr00857c
https://pubmed.ncbi.nlm.nih.gov/31337070/
https://pubmed.ncbi.nlm.nih.gov/31337070/
https://pubmed.ncbi.nlm.nih.gov/31337070/
https://link.springer.com/article/10.1007/s10311-017-0662-y
https://link.springer.com/article/10.1007/s10311-017-0662-y
https://link.springer.com/article/10.1007/s10311-017-0662-y
https://pubmed.ncbi.nlm.nih.gov/26716190/
https://pubmed.ncbi.nlm.nih.gov/26716190/
https://www.sciencedirect.com/science/article/abs/pii/S016599361930010X
https://www.sciencedirect.com/science/article/abs/pii/S016599361930010X
https://www.sciencedirect.com/science/article/abs/pii/S016599361930010X
https://pubs.rsc.org/en/content/articlelanding/2019/nr/c9nr02935d
https://pubs.rsc.org/en/content/articlelanding/2019/nr/c9nr02935d
https://pubs.rsc.org/en/content/articlelanding/2019/nr/c9nr02935d
https://www.sciencedirect.com/science/article/abs/pii/S0165993616303892
https://www.sciencedirect.com/science/article/abs/pii/S0165993616303892
https://www.sciencedirect.com/science/article/abs/pii/S0165993616303892
https://pubmed.ncbi.nlm.nih.gov/25956023/
https://pubmed.ncbi.nlm.nih.gov/25956023/
https://pubmed.ncbi.nlm.nih.gov/25956023/
https://link.springer.com/article/10.1007/s12274-018-2207-5
https://link.springer.com/article/10.1007/s12274-018-2207-5
https://link.springer.com/article/10.1007/s12274-018-2207-5
https://pubmed.ncbi.nlm.nih.gov/26716263/
https://pubmed.ncbi.nlm.nih.gov/26716263/
https://pubmed.ncbi.nlm.nih.gov/26716263/

	Title
	Abstract 
	Keywords
	Introduction
	Water sector 
	Separation or Filtration 
	Surface treatment 
	Adsorption
	Nanocatalysts 
	Nanoreagents
	Air sector 
	Catalytic converters
	Filtration
	Soil pollution and remediation  
	Agricultural applications 
	Food and cosmetic applications 
	Biomedical applications 
	Biotechnological applications 

	Conclusion  
	Acknowledgments 
	Funding  
	Conflicts of interest  
	References 
	Figure 1 
	Figure 2
	Figure 3
	Figure 4

