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Abstract  

Today nanotechnology has become a top 

research field in the world. The present review covers 

classification and different applications of 

nanomaterials including catalysis, water treatment, 

sensors, energy storage and nanomedicine, as well as 

their positive and negative impacts on the 

environment. Increased attention needs to be directed 

towards the new nanomaterials because the 

development of knowledge of these nanoparticles is 

still in its infancy. Nanoparticles are ultra-small 

particles with exceptional properties, but some 

nanoparticles and nanomaterials also exhibit harmful 

properties. This is the reason why we must continue 

to study them and their potentially damaging effects. 
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I. INTRODUCTION  
 

       Nanotechnology is an interdisciplinary study 

which allows us to develop new materials with new, 

interesting and useful properties. These new materials 

are nanomaterials made from nanoparticles. 

Nanoparticles are ultra-small particles with 

exceptional properties which can direct medicines 

straight to the place where the human body needs 

them, they can make materials stronger and they can 

convert solar energy more efficiently. Nanoparticles 

possess different properties and behave differently to 

the classical, larger building blocks of substances. 

From a scientific point of view, these interesting new 

properties are not so much the results from the fact 

that nanoparticles are small, but they result from the 

fact that a particle consisting of a relatively limited 

number of molecules behaves and interacts 

differently with its surroundings for fundamental 

physical reasons. Nanoparticles and nanomaterials 

have gained prominence in technological 

advancements due to their adjustable 

physicochemical characteristics such as melting point, 

wettability, electrical and thermal conductivity, 

catalytic activity, light absorption and scattering 

resulting in enhanced performance over their bulk 

counterparts. By controlling the shape, size and 

internal order of the nanostructures, properties 

(electrical conductivity, colour, chemical reactivity, 

elasticity, etc.) can be modified [1, 2]. 

Recently, China has made significant advances and 

currently has the fastest growing nanotechnology  

 
 

publications and related industrialization. China is 

still left behind by American nanotechnology in terms 

of average citations per papers and publications in 

high impact journals, efforts appear less organized in 

the European Union [3]. 

  

II. NANOPARTICLES AND 

NANOMATERIALS 
 

     According to the European Commission, a 

nanomaterial is defined as a ―natural, incidental, or 

manufactured material containing particles, in an 

unbound state or as an aggregate or as an agglomerate 

and where, for 50% or more of the particles in the 

number size distribution, one or more external 

dimensions is in the size range 1–100 nm‖ [4]. 

Consequently, with a wide range of applications 

available, these particles have potential to make a 

significant impact to the society. Although new, the 

history of nanomaterials dates long back to 1959, 

when Richard P. Feynman, a physicist at Cal Tech, 

forecasted the advent of nanomaterials. In one of his 

classes he said, ―There is plenty of room at the 

bottom,‖ and suggested that scaling down to nano-

level and starting from the bottom was the key to 

future technology and advancement [5]. 

 

Generally, based on the construction, 

nanomaterials are currently classified as (i) carbon-

based, (ii) metal-based, (iii) dendrimers, and (iv) 

composites [6].  

Generally, carbon-based NMs contain carbon, and are 

found in morphologies such as hollow tubes, 

ellipsoids or spheres. 

 

Metal-based NMs are metal based materials 

that we commonly regarded as quantum dots, 

nanogold, nanosilver and oxides with metal bases. 

Titanium dioxide is one such example. They are a 

focus of the biomedical and pharmaceutical industries. 

Dendrimers are branched components that form 

polymers and whose surface exhibit chain ends are 

suited for chemical manipulation as tools. 

Dendrimers are combinable to create hollow cavities 

or used as part of a catalysis. Dendrimers represent a 

half step between molecular chemistry and polymer 

chemistry [7]. The application of dendrimers is 

through biomedicine with applications as anticancer 

drugs, pain management, and timed released 
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medications such as a transdermal patch or in gene 

therapy. 

 

Composites are combination of 

nanoparticles or nanoparticles and other materials. 

Nanoparticles, such as nanosized clays, are already 

being added to products ranging from auto parts to 

packaging materials, to enhance mechanical, thermal, 

barrier, and flame-retardant properties [8]. 

 

Although Ag, zinc oxide (ZnO), copper 

oxide (CuO), cerium dioxide (CeO2), titanium 

dioxide (TiO2), iron oxide (FeO), fullerenes, carbon 

nanotubes (CNTs), and a small number of others 

remain the most widely used and researched 

nanomaterials (NMs), some newer NMs have been 

produced in recent years. The greatest interest and 

development has been in broad classes of materials 

including nanocomposites and nanohybrids. 

Nanocomposites are NMs enclosed or encapsulated 

with other materials, which may not have nanoscale 

features, whereas nanohybrids are the linking of 2 or 

more discrete NMs to give different functionality [9]. 

Such NMs can be based on semiconductor substrates 

such as GaAs, CdSe, CdS, SiGe, and others, modified 

with shells and coatings, along with mixtures of 

carbon–carbon and carbon–metal or metal oxides [10]. 

The evolution of nanotechnology today in the area of 

the food industry has been largely and has had a lot of 

contribution in the food processing, food package, 

and food preservation [11]. Bratovcic and co-workers 

pointed out the achievements of nanotechnology 

using polymer nanocomposites and nano additives in 

the field of food packaging [12].  

 

Figure 1 shows classification and wide range of 

applications of nanomaterials. 

 

 

 
Fig 1: Classification and wide range of applications of nanomaterials 

 

We will more focus here on carbon and metal based 

nanomaterials and their applications. 

 

A. Application of Nanomaterials 

Specifically, gold, silver, zinc etc. 

nanomaterials possess unique physicochemical 

properties which gain a great deal of attention in 

biomedical applications, while platinum in energy 

storage.  

There is growing interest in utilizing the optical 

properties of silver nanoparticles as the functional 

component in various products and sensors. Silver 

nanoparticles are extraordinarily efficient at 

absorbing and scattering light and, unlike many dyes 

and pigments, have a colour that depends on the size 

and the shape of the particle. It has become 

increasingly popular as antibiotic agents in textiles 

and wound dressings, medical devices, and 

appliances such as refrigerators and washing 

machines [13].  

Carbon-based NMs are widely used in numerous 

fields such as drug delivery, enzyme immobilization, 

biosensors, bioimaging and pollutant removal [14]. 

 

1) Catalysis 

            Catalysis is one of the pioneer applications of 

nanoparticles. Various elements and materials like 

aluminium, iron, titanium dioxide, clays, and silica all 

have been used as catalysts in nanoscale for many 

years. In recent years, nanocatalysis has become an 

emerging field of science due to its high activity, 

selectivity and productivity. The small metal 

nanoparticles in a range of 1–10 nm exhibit 

extraordinary catalytic activity, sometimes better than 

the corresponding metal complexes. The high activity 

of nanocatalysts is attributed to several important 

factors, including the high surface-to-volume ratio, 

surface geometric effect, the electronic effect, as well 

as the quantum size effect. Metal nanoparticles 

suspended in solution are often used as effective 

heterogeneous catalysts due to the advantages of 
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simplified isolation of product and facile recovery 

and excellent recyclability, which renders metal 

nanocatalysts environmentally friendly. The catalytic 

performance (e.g., conversion and selectivity) of 

nanocatalysts is drastically influenced by the size of 

metal nanoparticles [15]. By using catalytic reagents, 

one can reduce the temperature of a transformation, 

reduce reagent-based waste and enhance the 

selectivity of a reaction that potentially avoids the 

unwanted side reactions leading to a green technology. 

In the absence of catalyst, variety of products i.e. 

medicines, fine chemicals, polymers, fibres, fuels, 

paints, lubricants, and a countless of other value 

added products essential to humans, would not be 

feasible [16]. Thus, by using catalysts, manufacturing 

protocols can be made more economic, green and 

sustainable. In the field of chemistry, carbon 

nanotubes can be used as catalysts for partial 

oxidation of fuel cells, synthetic ammonia and 

methane, and widely used in photocatalytic reactions. 

 

2) Water treatment 

The application of nanomaterials in water 

and wastewater treatment has drawn wide attention. 

Due to their small sizes and thus large specific 

surface areas, nanomaterials have strong adsorption 

capacities and reactivity. Heavy metals [17], organic 

pollutants [18], inorganic anions [19], and bacteria 

[20] have been reported to be successfully removed 

by various kinds of nanomaterials [21]. In recent 

years, photocatalytic degradation by metal oxide 

nanoparticles such as TiO2 has been successfully 

applied in the contaminant degradation in water and 

wastewater. TiO2 has been a highly researched 

material because of its non-toxicity, chemical stability, 

commercial availability, high photoactivity, etc. [22; 

23; 24]. At the presence of light and catalyst, 

contaminants can be gradually oxidized into low 

molecular weight intermediate products and 

eventually transformed into CO2, H2O, and anions 

such as NO3
-, PO4

3- and Cl- [25]. 

 

3) Sensors 

           The development of a wide array of 

nanomaterials has paved the way for their 

applicability in the design of high-performance 

electrochemical sensing devices for medical 

diagnostics and environment and food safety. The 

review of [26] has shown that different nanomaterials 

for the electrochemical determination of some 

common additives and contaminants, including 

hydrazine (N2H4), malachite green (MG), bisphenol A 

(BPA), ascorbic acid (AA), caffeine, caffeic acid 

(CA), sulfite (SO3
2−) and nitrite (NO2

−), which are 

widely found in food and beverages have been 

synthetized. 

Nanotechnology has profoundly influenced the area 

of biosensors, particularly through their high 

sensitivity and selectivity, as well as the 

miniaturization of sensor devices. In this context, 

fluorescent nanomaterials and nanostructures have 

been used in order to develop new nanostructured 

biosensors for glucose sensing. The electrochemical 

method for sensing glucose is widely used among 

diabetes patients in the form of a blood glucose meter 

[27]. Carbon nanotubes can also be used for the 

development of molecular detection, such as gas 

sensors, small molecular sensors, electrochemical 

detectors and chromatographic applications. 

Modification of the macroelectrode with 

nanoparticles and other nanomaterials reduces the 

detection limit and improves the degree of sensitivity 

and selectivity of measurements [28]. 

 

4) Energy storage 

Platinum-based nanomaterials have attracted 

much interest for their promising potentials in the 

fields of energy-related and environmental catalysis. 

Platinum (Pt), possesses rich electronic structure and 

exhibits excellent catalytic activities in a series of 

catalytic processes, including automobile exhaust gas 

treatment, fuel cell, petroleum refining, organic 

synthesis, and hydrogen production [29]. The Pt-

based NMs significantly increase specific surface area 

and number of exposed active sites, thus, the 

utilization of Pt atoms greatly increase [30; 31;32]. 

Researchers at Rice University are using carbon 

nanotube films to stop the growth of dendrites on 

lithium metal anodes. This step may help develop 

lithium metal batteries, which could have a much 

higher capacity and faster charging than lithium ion 

batteries. Lithium metal charges much faster and 

holds about 10 times more energy by volume than the 

lithium-ion electrodes found in just about every 

electronic device, including cellphones and electric 

cars. They coated a lithium metal foil with a 

multiwalled carbon nanotube film. Researchers at 

Rice University have developed electrodes made from 

carbon nanotubes grown on graphene with a very 

high surface area and very low electrical resistance. 

The researchers first grow graphene on a copper 

substrate then grow carbon nanotubes on the 

graphene sheet. Because the base of each nanotube is 

bonded, atom to atom, to the graphene sheet the 

nanotube-graphene structure is essentially one 

molecule with a huge surface area. 

 

5) Nanomedicine  

The properties of silver nanoparticles such as 

broad-acting and potent antibacterial activity are 

widely investigated. A wide range of nanosilver 

applications has emerged in consumer products 

ranging from disinfecting medical devices and home 

appliances to water treatments, as well as in 

nanomedicine.  

 

Research interest in biocompatible gold 

nanoparticles has been highly increased in recent 

years for potential applications in nanomedicine due 

to their fascinating size dependent chemical, 
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electronic and optical properties. Some of its relevant 

applications like photothermal therapy, drug delivery, 

photodynamic therapy, gene therapy, biolabeling, 

biosensing, etc., are revolutionizing the field of 

biomedicine that attracts enormous research attention 

[33]. AuNPs are non-cytotoxic in nature with an 

additional advantage of a huge surface area, which 

makes their surfaces accessible for modification with 

targeting molecules, which make them advantageous 

over other nanoparticles for various biomedical 

applications. Targeted drug delivery is the most 

efficient therapy since it is possible to target only the 

affected cells or part. This minimizes the side effects 

of drugs. This is useful in treating cancer where the 

medicines can be delivered directly to the affected 

cells without damaging healthier cells in any way. 

Quantum dots [34] Fe3O4 [35]; [36] and ZnO [37] are 

effectively used for targeted drug delivery. Gold 

nanoparticles can be used for the bio-imaging of 

biosensing and labelling. Gold nanoparticles have 

been used as contrast agents in cellular or molecular 

imaging for a long time [38]. A novel sensor for the 

colorimetric detection of Salmonella typhimurium 

based colour change effect of gold nanoparticles was 

developed by Ma and co-workers [39]. Gold 

nanoparticles are extensively used in biosensing 

applications these days [40; 41]. Determination of 

blood glucose level [42], detection of bacteria [43], 

viruses, detection of pollutants [44] and monitoring 

pathogens [45] can be effectively carried out by 

biosensing. 
 

III. IMPACT OF NANOMATERIALS ON THE 

ENVIRONMENT 
 

       The growing production and use of NMs in 

diverse industrial processes, construction, and 

medical and consumer products is resulting in 

increasing exposure of humans and the environment. 

Humans encounter nanomaterials from many sources 

and exposure routes, including ingestion of food, 

direct dermal contact through consumer products and 

by inhalation of airborne nanomaterials [46]. The 

increasing use of nanomaterials in our life or the 

customer productions has inevitably caused the 

accumulation exposure of the nanoparticles into the 

environment, yet the fate of these particles may 

greatly depend on their environmental mediums, 

physical or chemical property. Therefore, the 

superficial area of nanoparticles and other 

physicochemical properties may greatly influence 

their transformation and bioavailability during 

spreading into environment. However, there are still 

no fully comprehensive systems to establish the 

assessments for potential effects of pollution between 

toxicity and nanoparticles in the environment.  

The structures are affecting the environment by a 

number of routes, e.g., 1) by increasing the pollution 

level of air, water, and soil, 2) by accumulating in the 

environmental system (short term and long term 

effects), and 3) by affecting the life-cycle of living 

systems present in environment. 

As lacking of quantitative analytical methods to trace 

those related nanoparticles, additionally, the 

concentrations of the nanoparticles be exposed in 

environmental mediums are still ambiguous. The 

analysis of nanomaterials in environmental samples 

often requires the use of multiple technologies in 

tandem. Characterization methods include 

spectroscopy, microscopy, chromatography, 

centrifugation, filtration and others [47]. One of the 

main methods of analysing single nanomaterial 

characteristics is electron microscopy. Scanning 

electron microscopy and transmission electron 

microscopy can be used to determine the size, shape 

and aggregation state of nanomaterials below 10 nm. 

Nanoparticles may enter the aquatic environment 

instantly via industrial release, dumping of 

wastewater treatment effluents, and/or through 

surface runoff from soils [48]. 

 

A. Positive Impacts on the Environment 

Engineered nanomaterials exhausted into the 

atmospheric environment tend to be exposed to 

sunlight and UV wavelengths at significantly higher 

degrees than those released into other compartments 

[49]. This exposure is likely to increase the possible 

outcomes of photochemical changes to nanomaterials.  

Positive and negative impacts on the environment are 

presented in figure 2. 

 

 

 
 

Figure 2. Positive and Negative Impact on the Environment 
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Nanomaterials are used in aircrafts as a substitute of 

conventional composites to help reduce aircraft 

weight, saving thousands of tons of fuel [50]. 

Furthermore, nanomaterials are applied in wind 

turbine blades to make them stronger and lighter, 

helping increase their energy conversion efficiency 

[51]. Nanomaterials are progressively used in 

automotive exhaust systems and petroleum refining 

systems to boost chemical reactions while reducing 

pollution and expenses [52]. Nanomaterials have 

been successfully implemented for the purification of 

air and water by means of adsorption, filtration, and 

oxidation techniques with greater efficiency than 

conventional techniques. Nanosilver particles have a 

broad antibacterial effect on a range of Gram-

negative and Gram-positive bacteria and antibiotic-

resistant bacteria strains [53]. 
 

Nanosilver is an effective antifungal agent 

against a broad spectrum of common fungi. NSPs can 

inhibit the growth of Candida albicans, Candida 

glabrata, Candida parapsilosis, Candida krusei, and 

Trichophytonmentagrophytes effectively. 
 

In recent years, the use of nanotechnology in 

food safety has gained increasing attention. 

Nanotechnology based detection systems vary in their 

mechanisms and designs but they share the same goal, 

that is, timely and accurate detection of trace 

pathogens or other contaminants [54]. 

Nanotechnology is of great use in many fields, in 

particular in the agrofood industry, where is it used 

primarily in: primary production, food processing and 

packaging and food supplements [55]. 

Nanotechnology has many applications in varied 

fields from nanosensors to monitor the livestock 

health (pigs, sheep), [56; 57; 58] to control soil 

cultivation conditions [59; 60] and to detect 

pesticides in crops [61]. Nanotechnology applications 

have the potential to change agricultural production 

by allowing better management and conservation of 

inputs of plant and animal production.  

Nanofertilizers have beneficial effects over 

conventional ones. This is the case of the use of zinc 

oxide nanoparticles in Zn fertilizers to increase their 

solubility [62; 63]. De la Rosa et al. [64] found that 

by applying zinc oxide nanoparticles through the 

foliar spray, growth and biomass of alfalfa, tomato, 

and cucumber can be increased. 
 

Claudia Francely Cumplido-Nájera and co-

workers showed that the application of copper 

nanoparticles and potassium silicate changed the 

levels of enzymatic and non-enzymatic compounds 

that are key in defence of tomato plants, increasing 

the tolerance to C. michiganensis. Also, the loss of 

yield due to the bacteria was reduced by 16.1% [65]. 
 

B. Negative impacts on the environment 

New nanomaterials may react with 

biomolecules, cells, organs and organisms in a new 

and unexpected way. Therefore exposure of humans 

and the environment to nanomaterials may result with 

possible negative impacts [66]. Public and regulatory 

acceptances are additional elements in 

nanotechnology that have been required. This is 

primarily focused on the health and safety of the 

materials and products including the environmental 

impact. Some materials are wonderful at a particular 

task but are not acceptable due to their environmental 

impact [67]. Toxicological function is affected by the 

particle size, compounds, or aggregation of these 

nanoparticles. Currently, some literatures have 

pointed negative influence upon the aquatic 

organisms with the emergence of nanoparticles in 

aqueous condition or at aqueous interface [68]. 
 

There are some negative effects of 

nanomaterials on biological systems and the 

environment caused by nanoparticles, like chemical 

hazards on edible plants after treatment with high 

concentration of nanosilver, also, in some cases, 

nanomaterial generated free radicals in living tissue 

leading to DNA damage, therefore nanotechnology 

should be carefully evaluated before increasing the 

use of the nanoagromaterials  [69]. 
 

Recently, scientists have investigated the 

ecological effects of Ag2S nanoparticles. As the 

uptake of nanoparticles led to the upregulation of 

genes, reduction in the plants growth was 

accompanied. As the majority of the Ag2S 

nanoparticles were accumulated at the leaves of the 

tested plants, such phenomenon increased the chances 

of trophic transfer of these structures through food 

chain. The transfer of certain nanoparticles such as 

TiO2 was also seen to cause genotoxic effect (at low 

dose of 0.25 mM) to damage DNA (at higher 

concentrations) on the plants, e.g., Allium cepa and 

Nicotiana tabacum [70]. 
 

The presence of NMs was also demonstrated 

to exert low to high toxicity impacts on aquatic life. 

According to the toxicological investigations, 

nanomaterials may affect unicellular aquatic 

organisms and creatures (e.g., fish and Daphnia) [71]. 

Several studies suggest that the toxicity of silver 

nanoparticles is attributed to their release of silver 

ions in cells as both silver nanoparticles and silver 

ions have been reported to have similar cytotoxicity 

[72]. Although the details of the toxic mechanism are 

unclear, it suggests that nanosilver particles are 

ionized in the cells, which leads to activate ion 

channels and changes the permeability of the cell 

membrane to both potassium and sodium, interaction 

with mitochondria, and induction of the apoptosis 

pathway via the production of reactive oxygen 

species, which leads to cell death [73]. 
 

IV. CONCLUSION 
 

       From this review, it is concluded that despite the 

advancement and development of new nanomaterials, 

they still have positive and negative effects both on 
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the environment and on human beings. Accordingly, 

nanomaterials can be compared as drugs because it is 

well known that they have both desired and 

undesirable effects. Until now, nanomaterials have 

been explored for many different applications in 

diverse sectors including catalysis, sensing, 

photovoltaic, energy, environment, and biomedical. 

However, the level of nanomaterials in the 

environment is consistently increasing. The hazards 

of nanomaterials to plants, animals and microbes has 

had an indirect effect on our humans. Increased 

attention needs to be directed towards the new 

nanomaterials because the development of knowledge 

of these nanoparticles is still in its infancy. Since the 

shape, size and composition of nanoparticles can have 

both significant effects on their function and possible 

risks to human health, extensive research is needed to 

fully understand their synthesis, characterization, and 

possible toxicity. 
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