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Summary: Nanomaterials and nanotechnology have been rapidly developed and widely applied in 

antimicrobial, biosensors, nanomedicine, nano-electronic technology, reinforcement, water treatment, 

and so on. However, there are also many problems and challenges during using and developing 

nanomaterials and nanotechnology. Are they secure enough for the health of human beings? Do they 

cause the environmental pollution? And how can we sustainably develop nanomaterial and 

nanotechnology? In this review, we introduced the applications, potential threats and hazards, and 

development and prospect of nanomaterial and nanotechnology. 
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Introduction 

 

The development of materials science has 

greatly improved the quality of daily life of human 

beings. Each of us uses materials almost all the time, 
and materials play a vital role in aspects of food, 

clothing, housing and transportation. Other than the 

innovation of traditional process technology and 

equipment, the development of new materials often 

leads to great development in the high-tech field. 

Among them, nanomaterial is at the forefront of 

research and is highly regarded by academics and 

industry. It is undoubtedly the jewel in the field of 

materials science. In the 1960s, the Nobel 

Prize-winning quantum physicist Feynman predicted 

that if we had some control over the arrangement of 
objects on a small scale, we would be able to make 

objects with a lot of exotic characteristics, and we 

would see the performance of the material produces a 

rich variety of changes. The current nanomaterial is 

that material he said. Gleiter first proposed the concept 

of nanomaterials in 1981. Nanomaterial refers to a 

material having a crystalline or amorphous particulate 

structure on a nanometer scale. Nanomaterials include 

nanoparticles, nanowires, nanomembranes, and 

nanoblocks of the material in the nanoscale range in 

three dimensions. The specificity of the size and 

structure of nanomaterials makes them possess special 
properties not found in many traditional materials. For 

example, conductive copper does not conduct 

electricity to a certain nanometer limit. The originally 

insulated silicon dioxide became semiconductor at a 

certain nanometer limit. These special phenomena 

attribute to the particular features of nanomaterials, 

such as nanosize, large specific surface areas and high 

surface energy [1, 2]. 

 

Nanotechnology involves many 

disciplines, including physics, chemistry, materials 

science, information science, energy science, 

medicine, biology and advanced manufacturing, etc., 

is a highly cross discipline, also represents the fusion 
of frontier science and high technology. It aims to take 

advantage of the special physicochemical properties 

of nanoscale materials to produce products that meet 

the needs of industrial practice, thus facilitating 

people's lives. Vapour phase techniques: aerosol based 

processes, atomic or molecular condensation, arc 

discharge generation, laser ablation process, plasma 

process, chemical vapor deposition; liquid phase 

techniques: sol-gel method, solvothermal method, 

sonochemical method; solid phase techniques: 

milling/ mechanochemical processing have been used 
for large-scale synthesis of nanomaterials [3]. X-rays, 

focused ion beams and electron beams will be used for 

nanolithography. The use of radiation has proved to be 

an essential technique in the fabrication of 

nanostructures with high resolution [4]. To meet the 

increasing demand for nanotechnology-enabled 

products, innovative integration of complementary 

technologies into novel process chains and their 

implementation in new manufacturing platforms will 

bring new development of nanotechnology [5]. 

Nowadays, nanotechnology has been widely used in 

biomedicine, mechanical equipment, environmental 
protection and other fields, and has promoted the 

overall development of these industries [6, 7].  

 

From the perspective of appearance time, the 

first kind of nanomaterials is carbon-related materials, 

produced by evaporating graphite. Carbon nanotubes 

have a cylindrical structure with a aspect ratio of 132 

000 000:1. Besides, its excellent mechanical 

properties and thermal conductivities make it the 

proper addictive for many structure materials. Carbon 

nanotubes have a solid density as low as 1.3 to 1.4 
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g/cm3 and a specific strength of up to 48,000 

kN·m·kg-1. The potential applications of carbon 

nanotubes are quite inspiring, they can be used to 
manufacture the next generation of energy storage 

devices, high-performance catalysis, biomedical 

devices and implants. Although the properties of 

carbon nanotubes are powerful, the application is still 

limited due to the complicated synthesis, high cost and 

potential health risk.  

 

The second kind of nanomaterials is 

zero-valent metals and metal oxides. For example, 

zero-valent nano-iron can reduce and decompose 

organochlorine pesticides and polychlorinated 

biphenyls, which can be used to remediate water and 
soil [8]. Titanium dioxide nanoparticles have 

self-cleaning effect. And the sunscreen which is close 

to our daily life just depends on the zinc oxide 

particles which have superior UV blocking properties. 

However, there are lots of worries about the safety of 

nanoparticle in the sunscreen. Nanoparticles have 

large surface volume ratio, strong reactivity or 

catalysis, so they are potential hazards for the 

environmental and huamn health. Zinc oxide 

nanoparticles will not be absorbed by blood in vivo, 

but it is still not known whether cosmetics and 
sunscreen containing nanoparticles will endanger 

health [9]. 

 

The third kind of nanomaterials is 

semiconductor nanocrystals, also called quantum dots 

(QDs). Quantum dots are very small, only a few 

nanometers and their optical and electronic properties 

are significantly different from those of large particles. 

Quantum dots have high extinction coefficient and 

special optical applications. Quantum dots emit a 

certain frequency of light when they are electrified or 

illuminated. The frequency of light can be controlled 
by changing the size, shape and composition of 

quantum dots. Quantum dots are highly controllable 

and can be used in transistors, solar cells, quantum 

computing and medical imaging. However, quantum 

dots are potentially harmful to human health and 

environmental safety. Animal experiment has been 

demonstrated the toxicity of cadmium containing 

particles. Many studies have used cell culture models 

to study the cytotoxicity of quantum dots. It has been 

proved that after quantum dots are exposed to 

ultraviolet radiation or air oxidation, free cadmium 
ions were released from CdSe QDs, and resulted in 

cell death. 

 

The fourth kind of nanomaterials is 

polymer-based nanomaterial. Dendrimer is one kind 

of polymer, taking dendrimer for an example of 

polymer-based nanomaterial [10]. Dendrimers are 

usually monodispersed compounds with highly 

symmetrical spherical structures. The properties of 
dendrimers are mainly determined by their surface 

functional groups. Surface functional groups with 

charges or other hydrophilic groups can increase the 

water solubility of dendrimers. Dye molecules, 

affinity ligands, targeting components and 

pharmaceutically active compounds could be 

chemically conjugated to the dendrimer surface, so as 

to use as detecting agents or nanodrugs. 

 

Nanomaterial and nanotechnology have been 

widely applied in antimicrobial, biosensors, 

nanomedicine, nano-electronic technology, 
reinforcement, water treatment, and so on. However, 

there are also many problems and challenges during 

using and developing nanomaterials. Increasing the 

production of nanomaterials, the release of 

nanomaterials in the environment and impact on 

ecological health are urgent problems to be solved. 

We should strengthen the research on the 

nanotoxicology mechanism and safety assessment 

techniques. And understanding the relationship 

between biosafety and nanomaterial is essential for the 

sustainable development. The following mainly 
introduces the applications, potential threats and 

hazards, and development and prospect of 

nanomaterial and nanotechnology. 

 

Applications of nanomaterial and nanotechnology 

 

Antimicrobial 

 

Nanoparticles, such as silver and zinc oxide, 

can interact with cells in a unique way, thus promoting 

the transfer of nanoparticles into the cell. Nano-sized 

zinc oxide has a wide range of antimicrobial activities, 
and can interact with bacterial surface or bacterial 

interior, showing a unique bactericidal mechanism. 

Zinc oxide is a semiconductor catalyst. When a photon 

with a certain energy exceeding the semiconductor 

band gap, valence band holes rob the hydroxyl 

electrons in the surrounding environment. The 

hydroxyl group becomes a free radical which acts as a 

strong oxidant to kill the bacteria and the virus [11].  

 

Silver nanoparticles were reduced and 

stabilized by catechol-conjugated chitosan (CSS), 
which showed excellent stability in aqueous solution 

with narrow diameter distribution. The CSS-silver 

nanoparticles have the characteristics of chitosan and 

silver nanoparticles. They have low cytotoxicity but 

good antimicrobial activity. When the concentration 

of CSS-silve nanoparticles is very low, it can kill 
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Escherichia coli and Staphylococcus aureus, and the 

low concentration will not damage HepG2 cells, 

which has a great application prospect in the 
prevention of microbial infections. Interestingly, the 

toxicity of CSS- silver nanoparticles to Gram-negative 

Escherichia coli (E.coli) was higher than that to 

Gram-positive Staphylococcus aureus (S.aureus) [12]. 

Leakage of the cytoplasm of bacteria resulted to kill 

Gram-positive bacteria, and changes of the 

permeability of the membrane resulted to kill 

Gram-negative bacteria. Structural differences in cell 

walls of Gram-positive bacteria lead to different 

antimicrobial mechanisms. The cell walls of 

Gram-positive bacteria are thicker and less affected by 

CSS-silve nanoparticles. However, the interaction 
between Gram-negative bacteria and CSS-silve 

nanoparticles is strong, and they are more likely to be 

killed [13]. A novel silver-loaded chitosan 

antimicrobial sponge was prepared by a simple 

method. Silver nanoparticles were introduced into 

chitosan matrix through the chemical interactions 

between catechol of CSS-silve and amino groups of 

chitosan. Silver nanoparticles were well dispersed in 

chitosan sponge. Catechol binds nano-silver to 

chitosan matrix, which greatly prolongs the release 

time of silver from 1 day to at least 4 days. The 
long-term release of silver made the chitosan-based 

composite sponge possess long-term antimicrobial 

properties. It completely inhibited the growth of 

bacteria within 3 days and could meet the 

requirements of wound healing [14].  

 

Biosensors 

 

Biological materials, such as antibody, 

enzyme and antigen, were fixed as a component on a 

medical microbial sensor surface. Microorganism 

specifically combining to the sensor surface generates 
an electrical signal for detection, thereby achieving the 

quantitative test of the presence or absence of a 

particular microorganism [15]. Nano-metal materials 

have broad applications for microbial sensors, which 

are highly conductive and can strengthen sensor 

electrodes and biological reaction centers. The 

electron transfer process increases the rate of chemical 

reactions, further enhances the sensitivity of the 

sensor. Therefore, such biosensors could be put into 

the human body by injection, and functionlized as a 

carrier or a probe to capture more detailed information 
in the patient's body, so that the doctor can perform 

diagnosis and treatment. Using carbon nanotubes as a 

substrate material, and Ag2S nanospheres as a load to 

fabricate Au nanoparticles-labeled antibody 

biosensor, which has higher corresponding current 

and lower detection limit than the conventional 

detection method, and the detection limit is 4×102 

cfu/mL [16]. 

 
Nanomedicine 

 

Cancer is one of the most important cause of 

deaths worldwide today [17]. The poor water 

solubility, non-specific biological distribution and 

lower therapeutic effect of cancer chemotherapeutic 

drugs greatly limit their clinical applications, and the 

novel nano-drug delivery system can overcome these 

shortcomings. Drugs combined with nanocarriers to 

obtain controllable release with improved targeting 

ability, and enhanced their loading efficiency [18, 19]. 

Up to date, about 50 nanodrugs have been approved 
by the Food and Drug Administration for various 

diseases [20]. Nanodrug has great potential in curing 

diseases with greater efficacy and less side effects than 

traditional chemotherapies. Disulfide and hydrzone 

have been used to synthesize pH-sensitive 

nanocarriers, which can cut off drug molecules and 

kill cancer cells without affecting normal cells. 

Nanocarriers can be formulated with lipids 

(liposomes), polymers (macromolecules, micelles or 

dendrimers) and viruses [21, 22].  

 
Chen XS, et al. reported a design method of 

thick shell stabilized core-shell nanoparticles for deep 

drug delivery [23]. Large reduction in size and charge 

reversal is beneficial to tissue infiltration and cell 

absorption. Dimethylmaleic anhydride modified 

polypeptide stacks the shells by electrostatic action. In 

the acidic microenvironment of tumor tissues, the size 

of shell-stacked nanoparticles decreased significantly 

from 145 nanometers to 40 nanometers, while the 

surface charge changed from -7.4 millivolts to 8.2 

millivolts. The disulfide-linked nuclei disintegrate in 

the cells, which accelerates the release of intracellular 
drugs and enhances the antitumor activity. This 

nanocarrier can transfer antineoplastic drugs to deeper 

tumor sites. 

 

Nano-electronic technology 

 

Traditional silicon chips have already 

accommodated millions of components, but their 

capacity has become more difficult to increase. 

Especially when entering the nanometer scale, the 

circuit becomes very small. If you are not careful, 
there may be big errors in circuits. Nanotechnology 

offers a new approach to precisely controlling circuits 

at the atomic scale. At present, the chips on mobile 

phones can achieve 7nm level. Nanotechnology will 

work with quantum technology to push electronic 

products to a new height in the future. Nano-quantum 
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devices can be designed to make integrated circuits 

smaller and more accurate. For example, 

nano-electronic technology can be used to make 
ultra-micro magnetic field detector, making the 

information detection, collection and processing 

ability stronger. In the future, nano-electronic 

technology will mainly focus on the research and 

development and application of intelligent 

micro-electromechanical navigation system, which 

can realize the miniaturization of micro-missile, and 

the longer range and more accurate. 

 

Graphene-nanocellulose composites have 

become a promising nanomaterial for flexible 

supercapacitors. Supercapacitor requires good 
electrochemical performance and flexibility. 

Graphene and nanocellulose are excellent materials 

for preparing supercapacitors. Nanocellulose has good 

biodegradability, flexibility and chemical reactivity, 

which is often used as the base material for electronic 

devices [24].  

 

Reinforcement 

 

Carbon and inorganic nanomaterials were 

used to reinforce and modify polypropylene fumarate. 
Nanomaterials had good dispersion in polymer matrix. 

The reinforcement effect was closely related to the 

morphology of nanomaterials: nanoplates > nanobelts 

> nanotubes. Differences in nanostructure, chemical 

compositions and structural defects may be the key 

factor affecting mechanical properties of 

nanomaterial-reinforced polymer polypropylene 

fumarate [25].  

 

Poly(p-aminophenylacetylene)/multi-walled 

carbon nanotubes were compounded with 

superparamagnetic ferric oxide nanoparticles. 
Orientation alignment of carbon nanotubes was 

achieved by magnetic field induction method, thus 

enhancing the mechanical properties of the modified 

chitosan rods. Modified magnetic carbon nanotubes 

were uniformly dispersed in chitosan solution, aligned 

under external magnetic field and embedded in 

chitosan matrix by in-situ precipitation reaction. The 

bending strength and modulus of chitosan rods were 

124.6 MPa and 5.3 GPa, respectively, which were 

34.8% and 29.3% higher than pure chitosan rods. The 

modified magnetic carbon nanotubes have good 
application prospects in the field of bone fracture 

internal fixation. [26]. 
 

Water treatment 
 

The traditional wastewater treatment 

materials are limited by size and specific surface area, 

resulting in low adsorption. Nanomaterials have large 

surface area than traditional water treatment materials, 

and have high adsorption capacity and efficiency. 
Carbon nanotubes with porous structure and high 

adsorption surface area have good adsorption 

performance for methylene blue and Congo red [27]. 

Fe3O4 magnetic nanoparticles about 15 nm were 

fabricated by chemical precipitation method. The 

magnetic nanoparticles were silylated to make the 

ends rich in amino groups. Amidation is carried out to 

obtain magnetic nanoparticles with carboxyl groups. 

The wastewater was simulated by methylene blue and 

ethyl violet. The results showed that the amino 

functionalized magnetic nanoparticles had the best 

adsorption effect on methylene blue at pH=9, and the 
carboxyl functionalized magnetic nanoparticles had 

the highest adsorption capacity to ethyl violet at 

pH=4.5 [28]. 

 

Potential threats and hazards of nanomaterials and 

nanotechnology 

 

Nanotoxicity and biosafety of nanomaterials 

 

Nanomaterials are widely used in the 

electronics industry, biomedicine, cosmetics, etc. 
However, up to now, the safety of nanomaterials is 

still controversial [29]. Nanotoxicity is potential threat 

to human health. The research on the biosafety of 

nanomaterials is a challenge for the frontier science 

and technology in the 21st century, and it is also a 

major scientific problem faced by the scientific 

community in various countries. 

 

Numerous studies have investigated the 

hazards of nanomaterials to human health. 

Nanoparticles could get into the body of living beings 

through ingestion, inhalation and skin permeation, and 
interact with cells and tissues depending upon their 

physicochemical properties and extent of penetration. 

Nanomaterials, like carbon-based, metallic-based and 

polymer-based nanoparticles, can cause damage at the 

cellular or protein level because of its small size and 

large specific surface area [30, 31]. When 

nanoparticles enter the biological system, they interact 

with the immune system, and interact dynamically 

with biological macromolecules to form "biological 

crown", so nanoparticles belong to the category of 

biological aggressors. [32, 33].  
 

Ingestion is the most effective way of 

nanoparticles to get into the body. Along with food, 

water or drugs, nanoparticles get orally ingested and 

are absorbed in gastrointestinal ways, which may 

cause certain bad effect on the organic health [34]. 

https://www.sciencedirect.com/topics/chemistry/nanoparticle
https://www.sciencedirect.com/topics/chemistry/nanoparticle
https://www.sciencedirect.com/topics/chemistry/nanoparticle
https://www.sciencedirect.com/topics/chemistry/nanoparticle
https://www.sciencedirect.com/topics/chemistry/nanoparticle
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Nanoparticles could even get to the blood through 

vascular wall, and spread into other body organs after 

ingested in the gastrointestinal position. Nanoparticles 
may have hepatotoxicity when they enter hepatic 

circulation. It has been demonstrated that copper 

nanoparticles can severely damage the liver, spleen 

and kidney of rat after oral ingestion [35].  

 

Dermal exposure is the second way of 

nanoparticles to get into the body. Nanoparticles can 

penetrate the skin through diffusion or intercellular 

transepidermal pathway. Skin acts as an effective 

barrier for the penetration of toxic substances or 

nanoparticles inside the body. Nanoparticles could 

only reach the upper layers of the epidermis through 
skin, and eventually permeate into the zone close to 

hair follicles [36]. Hair follicles and sweat glands 

promote the entry of nanoparticles. When the upper 

layer of skin is wounded or removed, nanoparticles 

enter inside the skin through hair follicles and may 

lead to toxic side-effects. For example, carbon 

nanotubes incubated with keratinocytes led to 

mitochondrial dysfunction, and oxidative stress due to 

formation of active oxygen [37].  

 

Another important way of nanoparticles 
penetration is inhalation by which nanoparticles enter 

deeply into lungs. Further, these particles cause 

inflammation and chronic side-effects after interacted 

with interstium and then get translocated to lymph 

nodes [38]. Deposition of nanoparticles and their 

clearance from lungs and respiratory tract depends 

upon many factors like characteristics of 

nanoparticles, respiratory tract structure and airflow 

patterns [39]. Extremely small sized nanoparticles 

may enter the lung alveoli through diffusion 

mechanism. As nanoparticles enter deep into the lung 

tissues, their interactions with cells and tissues also 
increases and further causes negative side-effects to 

the exposed organs [40]. Nanoparticles deposited in 

the lungs may also cross the blood-air tissue barrier 

and enter the blood stream, penetrate and affect the 

neighboring organs. Large number of intra-tracheal 

instilled Au nanoparticles (30 nm) and TiO2 

nanoparticles (20 nm) were accumulated in platelets 

inside lung capillaries of rats within only 30 min of 

incubation [41].  

 

Size, charge and shape are the main factors 
which influence the interactions of nanoparticles with 

cells [42]. 5 nm Au nanoparticles exposed to mouse 

fibroblasts had shown more remarkable toxicity and 

disruption of actin cytoskeleton as compared to 15 nm 

Au nanoparticles [43]. Negatively charged sodium 

citrate coated silver nanoparticles have the minimum 

toxicity to bacteria, but positively charged silver 

nanoparticles have more toxic to bacillus species [44]. 

Dendritic cluster of Ni nanoparticles showed more 
toxicity in zebrafish as compared with spherical 

shaped nanoparticles [45].  

 

Nanomaterials play a vital role in 

nanomedicine. However, recent research indicated 

that the commonly used inorganic nanoparticles, 

including Au, SiO2 and TiO2 nanoparticles, can 

accelerate vascular infiltration of breast cancer cells 

after intravenous injection into animal models, 

increasing tumor metastasis, and promoting the 

emergence of new transfer sites [46].  

 
Environment pollution 

 

The release of nanoparticles into the 

ecological environment endangers the health of the 

ecosystem, which is an urgent problem to be solved. 

Nanoparticles releases may come from factories, 

landfills, wet deposition, and wear of product 

containing nanomaterials [47]. Nanomaterial  

circulation involves transformation, accumulation, 

and degradation in organisms. Metal and metal oxide 

nanoparticles have been used to remedy contaminants 
in water and air. The widespread usage of 

nanomaterials enhanced the releases to environment. 

Inorganic nanomaterials, such as SiO2, TiO2, ZnO, 

have oxidative stress effects by producing reactive 

oxygen species, and caused high toxicity to 

microorganisms. Fullerene (C60) colloid has 

oxidative stress effect, which can cause severe lipid 

peroxidation in fish brain, also exhibited antibacterial 

activity [48]. However, microorganisms are the basis 

of ecosystem and food chain, and the main driving 

force of the geochemical cycle. Therefore, it is very 

important to understand the interactions between 
nanomaterials and microorganisms for ecological 

health. The synthesis and release of nanomaterials will 

affect the ecological environment. Metal ions released 

from power generation in the production process of 

nanomaterials cause serious ecological toxicity. [49].  

 

Misuse and moral disputes of nanotechnology 

 

Scientific and technological researches are 

mostly employed by the government, enterprises, 

schools and other institutions. Science is no longer 
simply to explore the mysteries of nature, but to meet 

the needs of social and economic development, to 

serve its "employer", financial provider or sponsor. 

Researchers should subject to common social ethical 

and moral standards. Ethical responsibility is not only 

the individual moral behavior, but also related to the 
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development of the whole society. The basic moral 

responsibility of scientists and engineers prevents 

them from harming their colleagues, bosses, 
customers and products [50].  

 

Due to the tremendous development of 

nanotechnology, there are some problems in using 

nanomaterials, and have been caused widespread 

controversy in society. Advanced nanotechnology 

will replace part of the labor force in agriculture, 

manufacturing and industry, affecting their 

employment. Devices using nanotechnology can 

work faster and more accurately, reducing 

dependence on people; nanotechnology can be used 

to produce micro-recording devices, which will not 
be detectable and will endanger privacy and security. 

Nanotechnology will also be used to manufacture 

nano-weapons, which will be more destructive. If it 

falls into the wrong hands, it will seriously endanger 

social security.  

 

Humans could find out their genetic codes that 

resulted in genetic diseases and defects through 

nano-gene chips, and use nanotechnology to rearrange 

the genetic code on a nanoscale, and even can add 

good genes to strengthen themselves. But misuse of 
the technology, such as using nanotechnology to 

identify the sex of a fetus, would lead to gender 

imbalance and a range of social problems. In addition, 

conditional parents create better children, which will 

further trigger social inequality. Children should not 

be regarded as the objects of parents' design and 

reform, but should be welcomed unconditionally. 

Parents' attitude is particularly important for the 

intergenerational relationship. Nano-gene technology 

expands the scope of disability and discrimination, 

and also gives parents some pressure that whether to 

use new technology to change their offspring [51].  

 

Development and prospects   

 

Nanotoxicology mechanism and safety assessment 

techniques 

 
The rapid development of nanotechnology 

requires complementary safety assessment techniques 

and strategies. The safety and effect of nanomaterials 

in clinical application majorly depend on nanomaterial 

biodegradability, biocompatibility and biodistribution. 

Nanomaterials with poor biocompatibility, 

biodistribution and biodegradability might induce the 

oxidative stress, DNA damage and inflammation in 

the organism. However, with the further development 

of technology, it is very hopeful that this problem will 

eventually be solved. 

Mechanism of nanotoxicology needs to be 

further studied. Under the theoretical framework of 

original toxicology, it is necessary to introduce new 
concepts and parameters to establish a new 

nanotoxicology system. Biological and chemical 

properties of nanomaterials will be changed after 

entering the body, and new metabolites will further 

affect its biological effects, such as the distribution 

and metabolism in life, the interaction mechanism 

with biological macromolecules, etc. Nanotoxicology 

detection methodology is urgently needed [52]. The 

detection technology of laboratory for single 

nanomaterial is difficult to directly test the 

complicated systems of nanoproducts. This emerging 

discipline brings many important challenges, 
especially the development of nanomaterial 

characterization technology, biological and chemical 

analysis technology, which brings many opportunities 

for technology development. Developing 

high-throughput and high-volume screening protocols 

to study the nanomaterial toxicity, hazard grading, 

animal differentiation, nanostructure-activity 

relationship models, and used as a universal tool for 

better designing and using nanomaterials to ensure 

human safety [53]. 

 

Accelerating the research and development of 

nanomedicine 

 

In the past 30 years, a large number of 

researchers have studied nanomedicine for cancer 

treatment, published hundreds of thousands of 

scientific papers and invested trillions of dollars, but 

no substantial progress has been made. The 

nanomedicine on the market is still basically liposome 

and protein-based nanodrug [54-57]. How to realize 

the clinical transformation of nano-drugs is still a big 

problem. There are two important criteria for each 
new drug: safety and efficacy. In order to develop 

nanomedicine better, we need to understand three 

basic scientific issues in nanomedicine: the correlation 

between EPR effect and cancer metastasis, and its role 

in nanomedicine; the interactions between 

nanoparticles and immune system; and the amount of 

active nanodrugs released in tumors to make them 

truly remain inside tumor cells. [58].  

 

Nanoproduct standards and ethical responsibility 

 

The possible environmental safety risks 

caused by the application of nanomaterials could be 

reduced to the allowable range by constituting the 
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nanoproduct standards, including discarded electronic 

devices, household appliances, plastic products, 

rubber products, daily cosmetics and antibacterial 
materials. Particularly, chemical products, such as 

pesticides, fertilizers and insecticides, are closely 

related to agriculture. Inorganic nanoparticles, organic 

modified nanoparticles and complexes of nanoscale 

organic metal ions are directly exposed to air, water 

and soil, which will bring risks to environmental 

safety. If not dealt with in time, the long-term 

cumulative effect will not only bring serious impact on 

the ecological environment, but also directly affect 

human health through the biosphere and food chain. 

Therefore, it is very important to establish 

nanoproduct standards to evaluate the environmental 
safety influenced by nano-modified products. 

 

In addition, educating and publicizing the 

concept of ethical responsibility of science and 

technology, so as to improve the sense of 

responsibility of researchers. Stop scientific and 

technological activities that may cause harm or risk to 

the public. We should fully assess the social 

consequences of an upcoming scientific research 

result, and consider the negative impact of the results 

that will affect human health and ecological 
environments. 

 

Conclusions 

 

In a word, nanomaterials have a leap-forward 

development in recent decades, showing a wide range 

of applications in many fields. They are able to offer 

new properties to materials. However, there are also 

many challenges due to the toxicity and pollution. 

Increasing the production of nanomaterials, the 

potential for their release in the environment and 

subsequent effects on ecosystem health is becoming 
an increasing concern that needs to be addressed. We 

should strengthen the research on the nanotoxicology 

mechanism and safety assessment techniques. In the 

future, understanding the relationship between 

biosafety and nanomaterial is essential for the 

sustainable development.  
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