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Nanomaterials  
as an alternative for preservative 
and biocidal substances

Abstract
Silver and silver compounds have been used for many years, its antibacterial 
effect is used in medicine and cosmetic and many other cathegories of sci-
ence. Silver (Ag) is metal IB group of Periodic Table of Elements. It is a precious 
metal. It is a minimal chemical activity and its effect is only a physical activity. 
Silver has strong bactericidal and fungicidal properties known since antiquity. 
For this reason, it is very difficult for bacteria to create defense mechanisms. 
Silver was already used in Ancient Greece and Rome to prevent infection. 
The healing properties were described by Hippocrates, and the Phoenicians 
stored water and wine in vessels made of silver. In the Middle Ages, Silver was 
used for disinfection of water and foodstuff preservation, as well as to treat 
burns and ulcers. Since the 17th century, Silver has been used for disinfection 
of water and is described as a universal medicament. In 2008, the antimicrobi-
al activity of nanosilver on anthrax was also published. Nano silver is also used 
as an additive in textiles used for people with post-burn wounds, ulcers or 
various types of atopy of the skin. Many surgical instruments are silver coated, 
including dialysis instruments (catheters), wherever it is necessary to reduce 
the risk of bacterial infections. The best silver effect is obtained when it is in 
the form of nanoparticles, then its active surface increases and the ability to 
affect microorganisms as well.
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In the face of ever-changing legislation, including a re-
duction in the amount of preservatives used in cosmet-
ics, as well as a problem in which bacterial strains are 
formed that are able to create mechanisms for inactiva-
tion of biocides, including preservatives or antibiotics, 
it seems to be a very important search for alternatives. 
One of the most interesting and promising areas cur-
rently used in products is nanotechnology, the grow-
ing resistance of microorganisms to metal ions and 
antibiotics, researchers from different areas of science 
have become interested in the antimicrobial properties 
of nano-silver [1], recognizing them as a new genera-
tion of antibacterial agents [2].

Nano-silver is the most popular and widely re-
searched metal and from the perspective of the use of 
nanomaterials, it is also an important a preservative 
and biocidal. Nano-silver combines features of a pre-
cious metal (chemical passivity) and high fragmen-
tation, i.e. it shows minimal chemical activity and 
its effect is limited to physical activity. This, among 
other things, makes it very difficult for bacteria to 
produce defence mechanisms [3].

The evaluation of nanomaterials is carried out by 
scientific committees both in Europe and around 
the world, including ECHA – European Chemi-
cals Agency, NMWG – (ECHA) Working Group 
on Nanomaterials, GAARN – (ECHA) Evaluation 
Group Registered Nanomaterials, OECD – Organi-
zation for Economic Cooperation and Development, 
SCCS- Scientific Committee on Consumer Safety.

According to the definition of Regulation 
1223/2009 / EC on cosmetic products, „A nanomate-
rial means an insoluble or biopersistent and inten-
tionally produced material having at least one exter-
nal dimension or internal structure on a scale of 1 to 
100 nm [4]”. There are no specific requirements for 
nanomaterials under REACH and CLP regulation, 
but under the Biocides Regulation (BPR) nanoma-
terials are materials or chemicals that are manufac-
tured and used on a  very small scale. In addition, 
50% of particles must have a  size of 1-100 nm par-
ticles which are in the free state or in the form of an 
aggregate or agglomerate. The particles obtained in 
this way have a very developed active surface, which 
allows for a  significant increase in efficiency with 
a small amount of nano. It is directly visible in price 

of the used material. Nano-silver combines features 
of a  precious metal (chemical passivity) and high 
fragmentation, i.e. it shows minimal chemical activ-
ity and its effect is limited to physical activity. It is 
known that the effectiveness of nano-silver is related 
to, among, size [5], but also from the shape. Trian-
gular nanoparticles are more reactive than spherical 
particles [6].

The variety of obtained and produced nanoma-
terials of various physicochemical forms depends, 
among other things, on production methods, which 
is why it is necessary for the European Commission 
to cooperate with the industrial sector in the research 
and implementation of nanomaterials. It is very im-
portant for industry to agree with research units so 
that products placed on the market are well-defined, 
researched and, above all, safe for human health.

The unique properties of silver have been known 
from centuries. Metallic silver was used as well as its 
compounds (silver nitrate or silver sulphadianisin), 
using their antibacterial action in medicine and cos-
metology. When the pharmaceutical industry devel-
oped the production of antibiotics on a  large scale, 
that the more expensive and less accessible became 
less frequently used.

Many antimicrobial substances (including antibi-
otics) have proved irritant and toxic effects, that’s way 
it’s necceccery search new solutions which are safer 
for humans and the environment and more acces-
sible to the general public [7,8,9].

The health risk of using nanosilver depends on the 
potential exposure, if there is no systemic absorption, 
the potential risk is possibly associated with exposure 
to the site of exposure, i.e. lung, liver or skin. The 
capture of nanomaterials and absorption through the 
skin is either very low or absent. The systemic effect 
of oral nanomaterials is also considered to be much 
lower than for example water-soluble molecules. The 
limited absorption of nanomaterials makes it very dif-
ficult to assess the distribution of molecules into or-
gans and, consequently, toxokinetics [10]. The proba-
ble antimicrobial mechanism of nano-silver does not 
dependt on a chemical reaction, but on the ability to 
transfer or store atomic oxygen or through a bielec-
tric action. Absorbed oxygen creates cavities in cell 
membranes, which increases their permeability and 
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generates free radicals that destroy cell membranes 
[11]. According to some researchers, nanoparticle 
silver binds with sulfonic groups of peptidoglycan 
found in bacterial cell membranes, penetrates deep 
into the cell, is embedded in bacterial DNA chain and 
prevents its replication [12,13] and blocks the reac-
tion in the respiratory chain, which directly leads to 
cell death [14,15,3,16]. Murein, the main component 
of peptidoglycans, is a building material of a bacterial 
cell wall and does not occur in animal cells, which 
prevents the penetration of nano-silver into undam-
aged human or animal cells. 

Nano silver has a  two-track anti-inflammatory 
effect:
•	 inhibits pro-inflammatory factors; 
•	 activates apoptosis in inflammatory cells with-

out induction into healthy cells.
There is no serious report about silver allergy [17], 

but the possible silver toxicity expressed by argyria is 
possible in the presence of a large open wound and 
a  high concentration of metal ions and not nano-
metric particles. Many studies on nanoparticle silver 
suggest a lack of toxicity [18] fear of nanoparticles is 
probably due to their small size and variable prop-
erties, which could suggest that they are dangerous, 
although this is not confirmed [19].

In medicine, antibacterial properties of nano-sil-
ver have been used for a long time, for example in the 
coating of implants, catheters [20,21,22] as an addi-
tion to bone cement [23], antibacterial gel for disin-
fection [23,24].

Studies on animals treated with silicone valves 
coated with nano-silver confirm good biocompat-
ibility [25]. The use of nano-silver incorporated into 
the structure of the polymer significantly delayed the 
formation of the biofilm [26], in-vivo mouse-testing 
in 10-day tests also confirmed the absence of toxicity 
[27]. Next step, after such an exellent is to conduct 
extensive in-vivo clinical trials on humans. 

In medicine, nano-gels or nanocrems are very of-
ten used, which have a great impact on the regenera-
tion of wounded or burned skin. 

Nano-silver and antibacterial properties are seen as 
good, safe and non-toxic. It is used for coating medi-
cal materials to form an antibacterial coating on their 
Surface [28]. Antibacterial properties of nano-silver 

mainly on Staphylococcus aureus, Pseudomonas ae-
ruginosa, Staphylococcus epidermidis was observed 
while using used for coating catheters which are used 
in brain surgery [29,30]. No nano-silver toxicity has 
been observed in this type of surgical applications 
[31] and the risk of a  bacterial infection has been 
eliminated [32].

Nano-silver is used as an additive in polymeric bone 
cement (PMMA- poly(methyl methacrylate), which is 
used in hip and knee joint operations [23]. The anti-
bacterial properties of nano-particles reduce the risk 
of infection or rejection. The risk of complications due 
to bacterial infections in this type of operations is quite 
high and amounts to 1-4%, the use of bone cement 
antibiotics reduces the risk of infection to 0. 4-1. 8%. 
However, the use of an antibiotic is not beneficial due 
to the high risk of bacteria becoming resistant to the 
active substances in the antibiotic used [33].

Although very successful studies confirming the 
lack of toxicity of nanosilver and its wide application 
in medicine [34], care and hygiene products [35,36] 
used mainly for burns, Steven-Johanson’s syndrome, 
pemphigus [37], toxic skin necrosis, chronic ulcers 
[38] the subject is still being treated with great con-
cern. There is no serious report of silver allergy to 
[17], whereas possible argyria-based silver toxicity is 
possible in the presence of a large open wound and at 
a high concentration of metal ions rather than nano-
metric particles.

Many studies on nanoparticle silver suggest that 
there is no toxicity [39] concern that arises from 
nanoparticles is probably due to their small size and 
variable properties, which could suggest that they 
are dangerous, although this is not confirmed [19]. 
In-vitro studies on various types of cells suggest cy-
totoxic effects of nanosilver and reaction to e. g. cell 
mitochondrial or cytotoxic effects associated with 
ROS production [40]. However, inhalation and oral 
administration studies in 28-day rat trials do not 
confirm the toxicity effects [41].

Each nano-material must be considered individu-
ally and the potential risks of nano-materials must be 
taken into account when assessing toxicity.

The particle size may be the same as/compatible 
with the molecular gap in the DNA chain, which may 
entail the risk of a possible nanoparticle being built 
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into the DNA helix, which may directly lead to chain 
destruction or denaturation of proteins and enzymes 
and produce free radicals [42].

The Scientific Committee on Emerging and New-
ly Identified Health Risks considers that there is no 
consistent causal link between the size of nanomate-
rials and risk for humans. In order to be able to assess 
the safety of nanoparticles, it is important to know 
whether nanoparticles of substances can actually 
pass through any of the body’s barriers (respiratory 
tract, skin, digestive tract).

The studies carried out show that there is no sys-
temic absorption of silver nano, therefore the health 
risk of using silver nano is possibly related to the ef-
fects at the exposure site, such as lungs (inhalation), 
liver (oral administration) or skin (dermal contact). 
In the case of skin, the uptake of nano-materials and 
absorption through the skin is either very low or 
non-existent. This is also confirmed by the experi-
ence and opinions of the scientific committees con-
cerning the nano-titanium oxide or nano-zinc oxide. 
The systemic effect of nano-materials after oral dos-
age is also considered much lower than in the case 
of e.g. water-soluble molecules. Limited absorption 
of nano-materials makes it very difficult to assess the 
distribution of molecules to organs and thus toxico-
kinetic evaluation [43].

Conclusion
The literature review confirmed the wide use of na-
no-silver. The results of the application are very good 
and the applied preparations containing nano-silver 
do not have any defects of the antibiotics used. No 
evidence was found, even in cases of argyria, that sil-
ver in any form, let alone nano-silver, has a negative 
or toxic effect on the human body and its systemic 
effects [43] In vitro studies have shown the harmful 
effect of nano-silver particles, however, many Sam-
berg researchers [44], Nymark, Walmslay, Park [45], 
agrees that genotoxic additives may be added to pre-
vent e.g. agglomerations and that this risk can be 
eliminated by thorough leaching.

In vivo studies the toxicity of nanosilver has not 
been confirmed [46,47].
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