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Introduction
Nanotechnology is a rapidly growing field of science, which 

is particularly popular.1 Taking into consideration the use of 
nanotechnology, it can be concluded that we have contact with it in 
the most part of everyday life. Nanocomponents play a significant role 
in various fields of science, which in consequence is reflected in the 
improved quality of human life.

According to the statement issued by the European Commission, 
the global amount of manufactured nanomaterials is close to 11.5 
million tons, which is equivalent to their market value reaching 20 
billion Euro per year (this estimate also apply to soot and amorphous 
silica). It is estimated that the current global market for nanomaterials 
is equal to 300000 tons up to 1.6 million tons.2 The largest market 
share is in the Asian region (approx. 34%), North American (approx. 
31%) and Europe (approx. 30%). Global demand for nanomaterials 
increases from year to year. This entails an inevitable passage.3 There 
is no doubt that the presence of nanoparticles in many consumer 
products generally improves the quality of life, providing numerous 
benefits and economic utility. The nanoparticles have been introduced 
in the formulation of hundreds of different types of products.

Discussion
Taking into consideration the nano-sized particle size, one may 

not observe their chemical and physical effects on living matter.4 
Nanomatter penetration into the environment and the specific activity 
can cause degradation effects.5 Accordingly, there is a need of broader 
studies on the characteristics of the nanoparticles, both in terms of 
their physicochemical properties and biological activity.6 It is also 
necessary to modify the processes for obtaining them, in order to 
improve the control of these properties or develop such formulas that 
will not have the harmful activity on living matter or will be limited 
while maintaining the functionality of materials. The impact of 
nanoparticles on the environment may take various forms. It is worth 
noting that weather factors such as temperature or humidity can also 
affect the physical properties of nanoparticles (size and stability).7 
These processes are long lasting, but one should be aware that once 
nanoparticles are introduced into the environment it may result in the 
contamination of soil, surface water and groundwater as well as flora 
and fauna. Living organisms may be not exposed to nanomaterials 
during their life, but toxicological concerns can be a problem in 
the future, the process of penetration of nanomaterials reach the 

stage of direct contact with successive generations of living matter1 
Understanding the life cycle of nanoparticles in the environment 
and their chemical stability is an important step in the process of 
determining the effects of nanomaterr on living organisms.8 Despite 
the lack of thorough research of threat from nanomaterials one can 
determine the course of research framework, which assumes:

a. Physicochemical characteristics of particles which may have a 
negative impact on living matter,

b. Familiarize themselves with the life cycle of nanomaterials and 
the way their penetrate inside the organism,

c. Selection of appropriate techniques for measuring the degree of 
organisms exposure to the nanomaterials,

d. Defining the rules of deploying nanoparticles in different parts of 
living organisms,

e. Developing mechanisms causing medical conditions.1

In the literature two main hypotheses explaining the toxic 
effects of nanoparticles on living organisms can be found. The first 
hypothesis is that the harmful activity of nanoparticles is associated 
with the release of ions from these particles.9,10 The second says that 
cause of the toxicity of nanomaterials is associated with the formation 
of ROS (reactive oxygen species). The free-radicals are able to 
damage any components of the cell, and initiate the production of 
more and more kinds of reactive oxygen species.11 The resulting free 
radicals are able to oxidize the double bonds of fatty acids in cell 
membranes, resulting in an increased permeability of the membrane, 
which contributes to the osmotic stress.12 ROS can inhibit the enzyme 
activity by binding to them, change the DNA helix, which can lead to 
cell death. Preparation of more reactive forms of oxygen is associated 
with the high surface area of nanoparticles as compared to their 
bigger analogues.12 Nanomaterials may also cause damage to cell 
membranes, may oxidize proteins, have genotoxic effect as well as 
interfere the energy transfer.11

Metallic nanoparticles, due to their unique properties, are seen as 
a leader in the fight against pathogenic microbial action. Nanometals 
are characterized by the strong effects of slowing down their 
functioning. They are used in a wide range of scientific fields such as 
biotechnology, medicine, pharmacy, ecology, electronics and others. 
Metallic nanoparticles are also used in the agriculture, veterinary 
medicine, food industry and cosmetology.13

J Anal Pharm Res. 2017;4(5):14‒12. 1
©2017 Banach et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestrited use, distribution, and build upon your work non-commercially.

Environmental aspects of using nanomaterials
Volume 4 Issue 5 - 2017

Marcin Banach,  Jolanta Pulit Prociak 
Faculty of Chemical Engineering and Technology, Cracow 
University of Technology, Poland

Correspondence: Marcin Banach, Institute of Chemistry 
and Inorganic Technology, Cracow University of Technology, 
Warszawska 24, Cracow, Poland, Tel 48126282861, Fax 
48126282035, Email 

Received: February 23, 2017 | Published: May 08, 2017

Abstract

The paper presents the nanotechnology as a one of main fields of modern science. 
Since nanotechnology accompanies the everyday life, one should focus on its benefits 
and disadvantages. Some nanoparticles exhibit animicrobial properties and using them 
definitely improves the quality of life. Silver nanoparticles are used in many consumer 
products which serve as antibacterial or antifungal agents. However, due to the fact that the 
market of nanomaterials is constantly growing, most of living organisms may be exposed 
on nanoparticles. Silver nanoparticles may be easily accumulated in various organs, such 
as liver, kidneys, lungs and others. Despite the fact that their activity may not be seen 
immediately, their impact on living matter may have negative consequences in the future. 
Hazard and responses issues are raised in the review.
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Table 1 presents the list of microorganisms to which the biocidal 
activity of nanosilver has been confirmed.14-23 Silver nanoparticles are 
effective factor for destroying a wide range of Gram-negative and 
Gram-positive bacteria. It also has bactericidal activity against strains 
resistant to antibiotics.24 Recent studies have shown that the use of 
silver nanoparticles in combination with certain antibiotics, such as 
penicillin G, amoxicillin, erythromycin, clindamycin and vancomycin, 
creates synergies against Escherichia coli or Staphylococcus aureus.25 
Scientific research has shown that silver nanoparticles can be an 
effective weapon in the fight against viruses,26 as it inhibits its 
replication. The efficiency of the processes leading to destruction of 
viruses strictly depends on the shape and size of nanoparticles.27

Table 1 Microorganisms to which the biocidal activity of nanosilver has been 
confirmed

Bacteria Viruses Fungi
Acinetobacter 14 HIV-121 Aspergillus22

Escherichia15 Influenza virus21 Candida23

Pseudomonas14 Saccharomyces24

Salmonella16

Bacillus16

Enterococcus17

Listeria18

Staphylococcus 19

Streptococcus 20

The European Commission on Nanomaterials claims that there is 
a huge need of monitoring the quality and quantity of nanoparticles 
that are introduced to consumer products. A regulation was issued 
that all types of nanoparticles that are used in cosmetic products 
as UV-filters, colourants and preservatives must be registered.28 It 
is due to the fact that metallic nanoparticles can penetrate into the 
body through the skin, respiratory and digestive systems. As previous 
studies disclosed, particularly silver nanoparticles tend to accumulate 
in different organs, especially the liver, kidneys, lungs and others. The 
presence of nanoparticles in the liver may be particularly danger. This 
organ is unable to expel the silver nanoparticles, which can lead to 
release into the other organs. Reported accumulation of nanoparticles 
in the lungs can also have negative effects in the future. Undoubtedly, 
it is necessary to conduct further research into the toxicity of metallic 
nanoparticles on living organisms. Full scientific information is not 
yet available, since the developed applications are incomplete. It is 
necessary to implement the full test cycle, on the basis of which it will 
be possible to determine the actual amount of metallic nanoparticles 
permeating into the environment. In the next phase it is necessary to 
perform tests to determine the degree of nanometals accumulation in 
living matter. It should also broaden knowledge of their impact on 
living organisms. Implementation of the full test cycle will be the basis 
for further actions aimed primarily at protecting the environment. If 
the alarming data will be confirmed, it is also necessary to provide 
a method for environment renaturisation and protection against a 
possible threat from nanomaterials accumulated in the future. In order 
to recognize the emerging threat posed by metallic nanoparticles 
one should take into account four factors: hazard identification, 
assessment of the degree of toxicity, exposure assessment and hazard 
characteristics. The nanometric materials are varied in size, elemental 
composition, particle size distribution, crystalline structure, surface 
area, stability and capacity of interaction of the complexing solutions 
such as blood or bacterial solution.

Conclusion
Considering the above, it is concluded that it is also important 

to understand the associated toxicological properties. The small 

size of nanomaterials will introduce new properties that can be both 
beneficial and environmentally harmful. A more complete description 
of how these parameters affect the biological activity of nanoparticles 
is necessary. Balancing the risks and benefits of nanomaterials is 
essential to safe and study their development. There is a general belief 
that the study of the toxicity of nanomaterials is falling behind their 
desire for commercial use. There is an urgent need to standardize the 
evaluation of the safety of nanomaterials, which would facilitate the 
assessment of exposure to nanomaterials and the risks arising from 
their use. The purpose is to secure the assimilation of nanotechnology 
in the wider society. Information obtained during the study will 
enable the systematization of knowledge and targeted development, 
including obtaining products of defined quality, intentional, and their 
proper use, control over the introduction of nanoparticles in the life 
cycle and their controlled presence in the environment.
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