Commonness of nanosilver application
as an environmental risk factor
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Introduction

Nanoscale particles have a different physical and chemical
properties than conventional micro-particles. The metal which is
produced achieved their intended objective by the man at the nano
scale is silver. Nanoparticles in which one of the dimensions does
not exceed 100 nm, can be classified into a group of colloids. It
should be noted, however, that the specified size limit is contractual
[1, 2]. Silver nanoparticles are marked as AgNPs of English silver
nanoparticles. The other names associated with nanosilver are:
ionic silver, free silver nanoparticles, colloidal silver, nanocolloidal
silver, silver water that directly relate to its structure and size. Silver
nanoparticles, due to their properties are widely used in many areas
of life now. Commonness of its use causes that the different forms
of silver are present in municipal sewage as well as in waste, whence
it gets into the environment, where just like another elements it
circulates between the components of the ecosystem, and it can
accumulate for the next trophic levels. In inland waters, the silver
concentration ranges from less than 0.005 to 0.21 ugAg /L. The
average silver concentration in freshwater is about 0.20 gAg /L and
in salt waters 0.25 ugAg/L. Floor sediments comprise an average of
0.1 mgAg/kg, . In soils silver ranges from 0.03 to 0.10 mgAg/kg, .
In the atmosphere the natural level of silver is less than 0.001 pg/m? [3].
The permissible concentration of silver in water intended for
consumption in Poland is 0.0l mg/L [4]. The modelling studies
suggest that silver released from plastics and textiles in 2010,
accounted for about 15% of the total amount of silver discharged
into the waters in the European Union [5]. Currently the increase
of silver concentration in the aquatic environment, which can pose
a threat to different ecosystems, is observed.

Properties of silver nanoparticles

Silver has biocidal properties, destroys up to 99.9% of bacteria
and fungi. It is considered as “natural antibiotic”. The method of
antimicrobial action of silver is associated with the processes of
catalytic oxidation, denaturation of protein and DNA contamination.
In addition, it also causes a reaction with the cell wall of the
microorganism, which inhibit cellular respiration. It should be noted,
that microorganisms acquire the resistance to silver with difficulty
[5, 6, 7]. The reduction in particle size from micro to nano scale
has the direct impact on their properties. Increasing the ratio of the
number of atoms on the surface of the particles to the number of
atoms in its interior is followed during the synthesis processes [8].
The changes in physical properties such as thermal and electrical
conductivity occur. Also magnetic, optical and chemical properties
are changed, as the melting point of silver which is 960°C, and for
the nanoparticles having a diameter of 2.4 nm is lowered to 360°C
[9, 10]. The size of silver nanoparticles also affects their biocidal
properties. The direct effects on antibacterial, antifungal and
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antivirus properties of nanosilver has the large active surface area
of nanoparticles with respect to the volume, and the shape and
size of nanoparticles (optimum is from 1.5 to 5 nm) [2]. The main
advantage of silver nanoparticles as compared to conventional
silver is the size, because it determines with better chemical
and biological properties. A small silver particles of the size up
to 10 nm, release a large amount of ions as opposed to large sizes
greater than 10 nm. Therefore good bactericidal properties are
determined by sufficiently large number of ions or the same silver
nanoparticles [6, | |, 12]. Also the more reactive silver nanoparticles
are characterized as opposed to its ions. This thesis is supported
by studies using algae (Chlamydomonas reinwardtii), which showed
that the silver ions are very active only during the first hour of the
experiment. In contrast, the bactericidal effect of nanosilver was
observed for two hours duration of the experiment [13]. The other
important properties of nanosilver are its activity both in daylight
and in the dark, ability to catalytic oxidation, absorption of atomic
oxygen and reflection of the solar radiation. In addition to these,
silver nanoparticle is antistatic, which means it can reduce the value
of the electrostatic charge accumulated on the surface [6, 12].

Use of nanosilver

The most applications of silver nanoparticles, particularly in
medicine and cosmetology, are taking advantage of their bactericidal,
fungicidal and virucidal properties. Antiacne creams, deodorants,
soaps and toothpastes are produced with addition of nanosilver. The
same properties of nanosilver are used in case of teats for children,
bidons, bottles, as well as hygiene products like toilet paper or
tissues. Special coating with nanosilver is also used for production
of household appliances such as refrigerators, washing machines,
hair dryers, vacuum cleaners, filters for those, and even toilets.
Nanosilver is also used in the furniture industry for the production
of upholstery and mattresses, floor and wall coverings, door handles,
light switches and door limiters. A wide field of nanosilver application
is the textile industry, including production of bedding, underwear,
clothing and toys. The textile products containing nanosilver prevent
unpleasant odors and also reflect solar radiation in the summer,
which results in a reduction of body temperature [2, 6, 12, 14].
Nanosilver is also used in production of wide range of household
chemicals (detergents, surface cleaners, carpet shampoos). Also
it is used in construction, as a component of insulating materials,
roofing materials, paints, adhesives, fugs, wallpapers and even
electric cables [6, 12]. The biocidal properties of nanosilver are
also used for disinfecting hospital rooms, public transport and public
places (offices, libraries, lecture halls, cinemas and theatres). Filters
for air comprise carbon fibers and silver nanoparticles in a size of
12 to |15 nm. The studies have confirmed that after a contact time
of 10 minutes the bacteria Escherichia coli and Bacillus subtilis are
removed [|5]. Polyurethanes or polysulfones containing nanosilver
are used to disinfect pool water and process fluids. The National
Aeronautics and Space Administration — NASA uses water filters
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with nanosilver in space shuttles [16]. Nanosilver is used also for the
preservation of historical objects and archival documents in order
to remove bacteria and fungi. For similar reason, it is also used
for maintenance and food production through the use of various
kinds of fertilizers with nanosilver for trees and shrubs or liquid
disinfectants in farm and transport of animals. The studies on the use
of nanosilver or its composites to reduce ammonia emissions from
animal manure in breeding facilities are conducted [6, 9, 12, 15].
Nowadays a dietary supplement, which is colloidal silver, becomes
more and more popular. Not without reason it is called the “natural
antibiotic”. Good quality colloidal silver is colorless, reflecting the
appropriate size of silver nanoparticles and the lack of pollution.
It is used topically for treating skin diseases (acne, warts, herpes,
psoriasis and tinea pedis), and internally in smaller concentrations
for the treatment of eye diseases, respiratory, gastrointestinal,
urinary, genital, or even nervous system. Nanosilver can be
a component of materials from which arise gowns and masks for
hospital staff, as well as bed linen. Above these, housing medical
equipment and the surgical tools contain nanosilver. The other area
of medicine in which nanosilver is used is dentistry (a component
of teeth fillings). Also, the increase of its use as a biomaterial in the
manufacture of implants in orthopedic and maxillofacial surgery is
observed. A positive aspect of nano-silver use is the prevention of
biofilm formation on the implant surface, which makes that they
are “accepted” by the human body [2, 9, 12,14,15,17]. Innovative
seems to be the use of silver nanoparticles in medical diagnostics,
where they play the role of optical biosensors in the application of
surface plasmon resonance (LSPR) [8].

Environmental hazard

By the REACH Regulation conventional silver is classified as acute
and chronic posing a threat to the aquatic environment (Aquatic
Chronic | and Aquatic Acute |) with supplementary indications
H410: Very toxic to aquatic organisms and cause long-lasting effects
and H400: Very toxic to aquatic organisms. This classification does
not include nanosilver, but it can expect in this case similar negative
effects on living organisms [18]. It should be noted that the nanosilver
can be released to the environment at any stage of the life cycle of
products (LCA- Life Cycle Assessment), from the manufacture, use,
and disposal or recycling processes [5]. The main carriers of both
of conventional particles, nanoparticles and silver ions into water
and soil are municipal and industrial wastewater. The municipal
sewage contain nanosilver for example as a result of washing clothes
or the use of nanosilver preparations [I1]. The concentration of
nanosilver in the raw sewage is in the range of 0.03 - 0.13 ug/L [19].
The sewage treatment process does not guarantee the limiting of
nanosilver concentrations, which remains in sewage sludge at about
10% of the nanosilver contained in raw sewage. Also, the sludge
disposal processes can affect on the amount of silver nanoparticles
introduced into the environment. The migration process causes that
on the action of nanosilver the majority of freshwater and marine
organisms is exposed. Nanosilver can get into the atmosphere by the
evaporation of surface water, which closes the circulation [I1]. In
case of nanosilver measurements of the concentration, or even the
presence of it in the environment are not performed. More than
that, there is not enough data on the ways of its penetration and
accumulation in living organisms [5, 7, 20, 21].

Summary

The authors of scientific papers point to the increasing of silver
nanoparticles use, and thus a threat to the environment which can
be caused by the silver in this form. This is due to their specific
characteristics and impact on other substances or living organisms. It
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is also emphasized that the fate of nanosilver in the environment is
not yet thoroughly investigated. The preparation and use of nanosilver
create a new problem in the field of environmental engineering, which
are nanowastes from both of the processes, production and use of
the products. Therefore, there is a need to analyze these factors
in order to determine the effect of silver concentration increase in
the environment on living organisms, including plants, animals and in
particular water and humans. This knowledge will allow to design more
economical and efficient synthesis processes of nanoparticles, but will
also create management methods of nanowastes without serious
environmental consequences.
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Wsparcie z NCBR dla miodych lideréw nauki

Narodowe Centrum Badan i Rozwoju rozstrzygneto szdsta edy-
cje programu Lider. W tym roku dzieki wsparciu NCBR swoje inno-
wacyjne projekty bedzie realizowa¢ 34 mfodych naukowcoéw. Sukces
w konkursie oznacza dla nich nie tylko wsparcie finansowe, ale takze
mozliwos¢ stworzenia i zarzadzania wtasnym zespotem badawczym.

,,Potrzebujemy mfodych lideréw ze swiata nauki, ktérzy w dobie glo-
balnej konkurencji bedq swym dziataniem inspirowac innych. Kluczowe jest
przy tym zaciesnianie wiezi pomiedzy naukq a biznesem i pokazanie ko-
rzysci, jakie ptynq z ich wspétpracy. Mfodzi naukowcy wyréznieni w progra-
mie Lider mogq stac sie wzorem do nasladowania i przyktadem potqczenia
naukowego talentu, pomystowosci i przedsiebiorczosci” — méwi minister
nauki i szkolnictwa wyzszego prof. Lena Kolarska — Bobirska.

Celem programu Lider jest aktywizacja srodowiska mfodych na-
ukowcdw i wspieranie ich rozwoju Jednoczesnie program stymulu-
je wspotprace mtodych naukowcéw z przedsigbiorstwami, a takze
mobilnos¢ uczonych wewnatrz sektora nauki oraz pomiedzy nauka
i przemystem.

,Oprdcz najciekawszych i najlepszych projektéw eksperci nagradzajq
najbardziej obiecujgcych naukowcéw mtodego pokolenia. Promujq osoby,
ktore majq cechy przywddcze i potrafiq kierowac pracq zespotu w dziata-
niach prowadzqcych do osiggniecia sukcesu komercyjnego. Jestem przeko-
nany, ze wyniki prac badawczych naszych Lideréw przyczyniq sie do podnie-
sienia konkurencyjnosci polskiej gospodarki” — podkresla dyrektor NCBR
prof. Krzysztof Jan Kurzydtowski.

W szoéstej edycji programu Lider o dofinansowanie starato sie 358
mtodych naukowcédw. Warunkiem udziatu w konkursie byto przygoto-
wanie do samodzielnej realizacji projektu, ktéry ma szanse na zasto-
sowanie w praktycznych dziataniach. Kolejnym etapem byty rozmowy
kwalifikacyjne. 149 najwyzej ocenionych wczesniej autoréw, musiato
przed wybitnymi ekspertami udowodni¢ znaczenie swojego pomystu
dla polskiej gospodarki i nauki. Panel ekspercki wytonit 34 najlepsze
projekty. Na ich wsparcie NCBR przeznaczyto prawie 40 min PLN, tj.
[,1 min PLN $rednio na jeden projekt mtodego naukowca. Najwigcej
zwycigskich projektéw pochodzi z dziedziny inzynierii materiafowej
(5) oraz nauk inzynieryjnych i technicznych (4).

W dotychczasowych edycjach Programu wyfoniono tacznie 179
Lideréw, ktorzy tacznie otrzymali z NCBR wsparcie w wysokosci po-
nad 184 min PLN. Najwigcej laureatéw pochodzi z Politechniki War-

CHEMIK nr 10/2015 e tom 69

szawskiej — az |6 mtodych naukowcow. Liczna grupa Lideréw moga
si¢ rowniez pochwali¢ Politechnika Gdarska, Politechnika Poznan-
ska, Politechnika t.6dzka oraz uniwersytety — Gdanski i Warszawski.
Informacje o wynikach szdstej edycji programu Lider dostepne sa
na NCBR.gov.pl. (abc)

(inf. Centrum Prasowe PAPR 2 pazdziernika 2015 r.)

NOWE INWESTYCJE

Najwieksza inwestycja petrochemiczna Grupy ORLEN

w Czechach

Unipetrol, spétka zalezna PKN ORLEN oraz wtoska firma Technip
zawarty umowe w sprawie budowy nowej instalacji polietylenu (PE3)
w zakladzie w Litvinovie. Ta najwieksza inwestycja Grupy ORLEN
na rynku czeskim bedzie réwniez najwieksza w historii czeskiej branzy
petrochemicznej i jedna z najnowoczesniejszych instalacji produkcyj-
nych tego typu w Europie. Warto$¢ kontaktu wynosi 5,76 mld CZK
(213 min EUR), natomiast catkowity koszt inwestycji szacowany jest
na 8,5 mld CZK (314 min EUR). Uruchomienie instalacji planowane
jest w pofowie 2018 r. (kk)

(http:/fwww.orlen.pl/, 10.09.2015)

ORLEN nabywa polskie koncesje DEA

ORLEN Upstream kontynuuje zapowiadana rozbudowe portfe-
la aktywéw poszukiwawczo-wydobywczych. W wyniku zawartych
umoéw Koncern przejmie od DEA Deutsche Erdoel AG 100% udziatéw
w dwoéch koncesjach w Matopolsce i na Podkarpaciu. Zgodnie z za-
tozeniami strategii PKN ORLEN, rozwdj segmentu upstream w naj-
blizszych latach planowany jest zaréwno poprzez akwizycje aktywoéw
poszukiwawczo-wydobywczych w Polsce i na $wiecie, jak réwniez
rozwdj organiczny w ramach prowadzonych samodzielnie projektéow.
W zakresie niekonwencjonalnych ztéz weglowodoréw Koncern kon-
centruje sie na obszarach o wiekszej perspektywie. Jednoczesnie PKN
ORLEN wzmacnia obecnos¢ na polu poszukiwan konwencjonalnych
zt6z ropy naftowej i gazu ziemnego. Nabyte koncesje nr 29/2013/p
na czesciach blokéw 434§ 433 oraz nr 30/2013/p na bloku 435 potozo-
ne s3 w obrebie Karpat Zewnetrznych i zajmuja powierzchnieg ok. 2,2
tys. km2. Prowadzenie prac poszukiwawczych na obszarze tych kon-
cesiji bedzie mozliwe po uzyskaniu od Ministerstwa Srodowiska zgody
na transfer praw do poszukiwan weglowodoroéw. (kk)

(http://www.orlen.pl/, 24.09.2015)
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