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Abstract

That article is focused on the biocidal effect of nanofiber textiles based PVA enriched by agents with
potential (copper, diamond and biocide) to limit the growth of consortium consists of algae and bacteria. It
was proved the basic PVA (solution and nanofiber textiles) has not any effect against the growth. And the
addition causes the inhibition the growth of consortium
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1. INTRODUCTION

The first organisms that are visible on building constructions are algae [1]. Algae in connection with the
building structures have been most studied because of the occurrence on coatings on a building stone.
Algae on building stone cause degradation by its metabolites and water retention, which is especially
problematic in freezing cycles. Algae are commonly found in bacteria consortium, which also degrade
building materials. Classical protective measures are carried out by conventional organic and inorganic
substances depending on the time and environmental conditions gradually lose their effectiveness.

Algaecide protection of building materials is not systematic yet, it is more a preventive measure against all
microorganisms in general. There are commonly used solutions of metal, but also other more complex
solutions, too, especially organic substances. There are several studies focused on possibility to use
nanotechnology for that purpose. Nanotechnology is one of the most cross-disciplinary dynamic developing
field of science. The great interest is focused on the study of the production and application of nanofibers in
last 15 years [2-3]. Produced nanofibers reach ever smaller diameters, thereby increasing their high specific
surface area [4].

2. APPLIED MATERIAL AND EXPERIMENTAL METHODS

Model organism

As a model organism there was used a consortium which is occurred in the Czech Republic. The consortium
was obtained from a building surface in Brno in Czech Republic as a smear by a sterile swab and by the
adhesive tape. It was cultivated into a BBM medium [5] at temperature 20 + 3°C under light condition
(2.5 kLux; with dark/light cycles 8 / 16 hour) during 14 days. It has been shaking by three times a day for
2 minutes. The aliquot from this culture was used for next experiments.

The microorganisms were isolated and after that it was identified. The consortium was composed from algae
and bacteria. The bacteria were identified on basis their metabolic activity by use a commercial kit (Pliva-
Lachema, Czech Republic) and by microscopy observation. The algae were identified by microscopy
observation. There were identified following bacteria: Burgohorderia cepacia (0.8-1.0 x 1.6-3.2 ym, G),
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Sphingomonas paucimobilis (0.7 x 1.4 ym, G), Sphingomonas multivorum and these kinds of algae:
Aphanothece stagnina, Chroococcus bacillaris, Botrychloris cumuli.

Preparation of nanofiber textiles

The tested nanofiber textiles were prepared by electrospinning technology at the Center for Nanotechnology
in Civil Engineering at the Czech Technical University in Prague. There was used polyvinyl alcohol as
a basic polymer in these experiments. The basic polymer solution for electrospinning was composed of
375 g 16% PVA (16R Sloviol, Fichema, Czech Republic), 3 g 85% HzPO4 (P-lab, Czech Republic) and 4.4 g
of Glyoxal (Merck, USA). For the biocide essay was prepared biocidal nanofiber textiles with addition of
supplement ions of copper (CuSO4-5H20), nanoparticle of diamond (with a diameter of 5nm) and
commercial biocide Lignofix E-Profi (Stachema, Czech Republic). The samples are specified in Table 1.

The nanofiber textiles were prepared by using a cylinder rotating electrode on device Nanospider LB 500
(Elmarco, Czech Republic) on spunbond textiles, which was prepared from polypropylene with antistatic
properties. The setup of device was: rotation of the electrode was 10 Hz, a fabric speed was 5 Hz and
a voltage was setup on 81.3 kV. The conditions during spinning were: relative humidity 40 %; temperature
27 °C.

All the nanofiber textiles were prepared as a single layer membrane. The nanofiber textiles were
subsequently stabilized by heat for 10 minutes at 140 °C [6]. The each aliquot of a basic polymer solution
was kept for the other experiment to evaluate efficiency of biocidal agents incorporated into the nanofiber
textiles.

Table 1 Prepared samples of nanofiber textile and concentration of supplement in electrospinning polymer
solution

Name of sample | Added supplement Concentration of supplement in nanofiber textile (wt %)
PVA None

PVA-Cu lons of copper (CuSO4-5H20) | 1

PVA-ND Nanoparticles of diamond 1

PVA-BI Biocide (Lignofix E-Profi) 1

Algae essay of biocide efficiency polymer solution

The consortium of algae and bacteria had been inoculated into 20 ml of the BBM medium in volume 5 ml.
The biocide agents had been added into the solution composed of the BBM medium, microorganism and
samples. The samples were 1 ml of each polymer basic solution (Table 1) or nanofiber textiles from same
solution, which had 50 mm in a diameter and had immersed into the medium BBM with consortium. The
growth of consortium was under light condition and the temperature was 20 £ 2 °C and it was shaken three
times every day for 2 minutes. The evaluation of biocide properties was by measuring optical density in
range from 200 to 800 nm, which correspond to the growth of microorganism.

Algae essay of biocide efficiency nanofiber textiles

The consortium of algae and bacteria in volume 500 pl had been inoculated on the BBM agar into the Petri
dishes. Into the center of the Petri dish was placed a sample of the nanofiber textile (Table 1) with a circular
sample with 20 mm in a diameter. The experiment was monitored for 14 days after inoculation by measuring
of halo effects around the nanofiber textile.
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3. RESULTS AND DISCUSION

Evaluation of anti-algae properties of nanofiber textiles are conducted by determination of concentration of
microorganism in liquid media or as a halo effect around the sample on nutrient agar plate. The algae are
coexisted together with bacteria and cooperated and therefore we measured whole absorbance spectrum
(200 — 800 nm). The concentration is proportional to optical density. There are two significant peaks; the first
one is around 300 nm and second one is around 635 nm.

The evaluation of biocidal properties nanofiber textiles on consortium algae and bacteria were measured by
changing growth curves in significant peak. The first peak is around 300 nm and second one is around
635 nm. There is shown changing concentration of carbon in the peak of 300 nm [7] and it is evaluated as a
change of the concentration of the bacteria and algae together. The alone algae have two significant peaks,
the first one is around 480 nm and it is peak of change chlorophyll b and second one is around 680 nm and it
is the peak of chlorophyll a [8]. The peak around 480 nm is hidden between other metabolic substances and
it is unusable for this consortium. The peak of chlorophyll a is moved back into 635 nm for used consortium.

The nanofiber textiles after heat treatment have same nanostructure as before this type of stabilization. This
stabilization can develop problem with biocide treatment which is degraded in upper temperature as
a commercial biocide Lignofix E-Profi. The other way of stabilization is by using methanol, which damages
nanofiber structure. The nanofibers are changing their diameter and the textiles look like membrane and the
last way is by using of guanidine aldehyde [9]. The last mentioned method made insoluble nanofiber. The
results are shown in graph below.

Table 2 Size of halo on the Petri dishes with consortium covered by a sample of a nanofiber textile

Name of sample | Size of halo around sample (mm) | Biofilm on nanofiber textile
PVA 0 strong growth
PVA-Cu 08-1.2 without growth
PVA-ND 0.05-0.1 weak growth
PVA-BI 09-15 without growth
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Fig. 1 Optical density at 298 nm, the curve are equivalent as a growth algae and bacteria together
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Fig. 2 Optical density at 635 nm, the curve are equivalent as a growth algae

Alone PVA has not any biocide properties, phosphoric acid change only pH of a polymer solution, but glyoxal
has some biocide properties. In literature [10-11] are reported biocide properties of glyoxal from
concentration 38 mmol / I. The efficiency against algae is from 149 mmol / | [10]. The influence on bacteria is
sited in range 40 — 400 mmol / | and concrete situation is following: the concentration in range 46-339
mmo / | causes inhibition of cell dividing [11], the concentration from 500 mmol / | inhibits cell breathing [12].
The prepared nanofiber textiles have up to 7.3 wt % of glyoxal in nanofibers and after recalculation it means
that the concentration is up to 1.25 mmol / g. The samples used in experiment were in range from 20 to
50 mm and weight per square meter was 3.1 g/ m? and it emerged, that we used up to 0.620 mmol in the
presented experiments. This used value is under toxic limit for bacteria and algae and it is corresponding
with no biocide properties of the PVA solution and the PVA nanofiber textiles.

The next nanofiber textiles is based on PVA solution doped copper ion, the concentration of copper in
nanofiber was 1 wt % [13-14]. Copper serves as an essential component in metabolic processes of algae,
playing vital function in electron transport and various enzymes system (amine oxidase, cytochrome c
oxidase) [15]. But on the other hand copper is one of the most toxic heavy ions for algae and it is potential
inhibitor of photosynthesis [16-17]. A slight increase in a endogenous Cu?* concentration could interfere with
various metabolic pathway causing inhibition of photosynthesis and it leads to deleterious effects at
physiological, biochemical and structural levels [18-22]. In literature is reported that range 0.46 —3.17 mg /|
Cu to cause 20 — 70 % inhibition of growth after 96 h [23]. The samples from nanofiber textiles PVA-Cu had
incorporated approximately 24.18 mg of Cu?* in a solution experiment and 9.672 mg Cu?* on an agar plate
experiment, the result showed slight leaching effect on an agar plate and it is corresponding with stadium of
culture in a stationary stage. The experiment with 1 ml of solution of PVA-Cu is corresponding with 50 mg /|
of Cu?*, the result showed decrease of growth algae and bacteria during first three day, but after it the
copper was consumed or accumulated and the concentration of microorganism became growth. The 72 hour
toxic limit is depending on composed of consortium [15].

The commercial biocide Lignofix E-Profi is composed of quarter ammonium salt, tebukonazol, propikonazol
and so on. This solution is high toxic for water organism as algae [24]. The nanofiber textiles doped by these
solutions are slowly leached from the nanofiber and keep concentration of biocide in solution, same result is
shown in the agar plate experiment.

Nanofiber textiles prepared origin from the PVA-ND solution had shown biocide activity until seven days, the
same solution have high efficiency and it corresponded with the agar plate experiment, where is only a low
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halo effect. It is shown the strong binder between nanofiber and nanoparticles. Chithrani et al. reported that
the reactivity of nanoparticles is depending on the size of particles more than on their concentration [25]. The
size of nanoparticles is influenced by the type of preparation [26]. The nanoparticle of diamond interacted
with cell wall and damaged by this way the cell [27].

4, CONCLUSION

We prepared nanofiber textiles doped biocide solution which has biocidal properties in first day in solution,
same results were shown in plate experiments. These properties are depending on used concentration of
biocide and on consecutive leaching of it. This way of treatment is one possibility how to protect facades
against biodegradation in the future.
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