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The research and analysis of the bactericidal properties of the spacer knitted fabric with the
UV-C system are presented in this paper. The disintegration factor affecting the bacteria in
the knitted fabric is the UV-C radiation in the range of 265-270 nm distributed via woven
optical fibres. The way of integrating elements of the system generating the UV-C radiation
in the structure of the spacer knitted fabric was designed, as well as various configurations
of optical fibres arrangement, fibre density, number of radiation sources, and diode types
were tested. The material was contaminated with selected microorganisms indicative of
sanitary contamination and important in terms of nosocomial infections. The scope of the
research included microbiological (quantitative and qualitative) analyses of selected
taxonomic groups of microorganisms (mesophilic bacteria, fungi, actinomycetes) before and
after the irradiation process. The analysis of the research results and the applied modification
of the knitted fabric turned out to be effective in reducing the amount of potentially
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pathogenic microorganisms.

1. Introduction

Development of technology in the field of new textronic
materials allows for their wider application in everyday
use. Textronics is a relatively new field of knowledge that
combines such fields of science as: textile, electrical
engineering, and computer science and metrology [1].
Textronic products are so-called intelligent fabrics, also
known as active, interactive, and adaptive fabrics. Textile
products integrate specialized electronic systems with
textiles into one functional whole. Intelligent materials can
react to external stimuli (e.g., temperature, pressure, etc.)
acting as a sensor or as an actuator fulfilling the specific
functionality. Textronics is used in many branches of the
industry, not only for smart clothing, but also in the
automotive, computer, and medical industries [2].

Recent times, especially operating in the shadow of the
pandemic, have shown how important it is to protect health.
It is important to ensure appropriate sanitary conditions and
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reduce risk factors not only in hospital conditions, but also
at home or other public places and in the work
environment. UV-C radiation has been known for many
years for its biocidal properties and is used to disinfect
rooms and surfaces. UV-C radiation, especially in the
wavelength range of 250-280 nm, is particularly effective
for the destruction or partial inactivation of various types
of microorganisms, including: bacteria, viruses, fungi, and
other pathogens. This kind of action is called bactericidal,
but it applies to all the taxonomic groups of
microorganisms mentioned above (many of them are
pathogens). Every living organism has its genetic code
written in the deoxyribonucleic acid (DNA). UV-C
radiation causes an immediate photochemical reaction
during which the genetic record is destroyed and, thus, the
process of cell division and other metabolic functions are
inhibited. UV-C waves damage the DNA code of cells. As
a result, microorganisms lose their ability to reproduce and
cease to be a threat to humans [3,4]. Lamps emitting UV-C
radiation have been used in medical offices for many years.
It is worth mentioning that, according to an announcement

1896-3757/ Association of Polish Electrical Engineers (SEP) and Polish Academic of Sciences (PAS). Published by PAS
© 2021 The Author(s). This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://journals.pan.pl/opelre
https://doi.org/10.24425/opelre.2021.139757
http://creativecommons.org/licenses/by/4.0/
mailto:e.lada-tondyra@pcz.pl
https://orcid.org/0000-0002-5850-3458
https://orcid.org/0000-0002-8562-5864
https://orcid.org/0000-0001-9302-9432
https://orcid.org/0000-0002-1087-2393
http://journals.pan.pl/opelre
https://doi.org/10.24425/opelre.2021.139757
http://creativecommons.org/licenses/by/4.0/
mailto:e.lada-tondyra@pcz.pl
http://journals.pan.pl/opelre
https://journals.pan.pl/dlibra/journals-index?ipp=60&p=0

E. Lada-Tondyra et al./Opto-Electronics Review 29 (2021) 192-200 193

by the Central Institute for Labour Protection in Poland
[5,6], the SARS-CoV-2 coronavirus, like other viruses and
bacteria, is sensitive to ultraviolet radiation, especially at
the UV-C wavelength range of 200-280 nm [7-9]. The
available studies have also shown the inactivation of drug
resistance genes after using the UV-C radiation [10].

The authors, thanks to the combination of current
capabilities of developing textronics and known properties
of the UV-C radiation, proposed a solution that allows
using UV-C in textile materials. It is possible to use the
textile technology with an integrated sterilization system
using the UV-C radiation which will ensure sterile
conditions.

2. Design of the system that generates UV-C
radiation

The subject of the study is a design of an innovative
system for microbial reduction, the canvas of which is a
spacer fabric. The developed distance knit for micro-
biological reduction is intended for mattress covers used in
home, hospital, and hotel conditions. The disintegration
factor affecting bacteria in the knitted fabric is UV-C
radiation in the wavelength range of 265-280 nm
distributed via woven optical fibres. The presented solution
is an extension of the concept presented by the authors in
Ref. 11. As part of the work on designing the system
generating UV-C radiation in a spacer knitted fabric,
effectiveness of various configurations of optical fibre
distribution was tested, as well as three types of spacer
knitwear, two types of PMMA optical fibres, two variants
of fibre density, and two methods of connecting diodes to
optical fibres.

The first stage of constructing the system was selecting
the appropriate type of optical fibre and the type of spacer
fabric. The modern conventional optical fibre is a dielectric
transmission medium whose task is to transmit optical
signals [12]. The material from which the optical fibre is
made does not conduct electricity, but it can conduct optical
radiation (photon beam). Lighting fibres can be made in
principle of any material that is optically transparent in a
certain wavelength range. They are generally divided
according to the material from which they are made: plastic
[plastic optical fibre (POF) which is most often made of
polymethyl methacrylate (PMMA)] and glass [glass optical
fibre (GOF)] [12]. The material from which the optical
fibre is made determines its parameters. The analysis of the
POF and GOF attenuation curves shows that they have
similar average attenuation in the visible range, but also
transmit UV and IR radiation. POF optical fibres poorly
attenuate shorter wavelengths, i.e., blue and green radiation
and transmit well the UV radiation (Fig. 1). In contrast,
GOF optical fibres transmit well red and IR radiation. Due
to the appropriate physical and mechanical properties
(adequate strength, no brittleness, resistance to damage),
POF (PMMA) optical fibres were used for the tests.

The suitability of PMMA fibres for the UV-C range was
experimentally verified using a HAAS 2020 spectro-
radiometer on the test bench shown in Fig. 2. A 50-cm long
fibre was tested. The PMMA fibre showed a280-nm
attenuation of 0.023 dB/cm. The experiments were carried
out at a temperature of 25 °C and a humidity of 65%. The
measurement results are shown in Figs. 3(a) and 3(b).
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Fig. 1. Optical transmittance of the selected materials [13].

Fig. 2. Measurement station: HAAS-2000 spectroradiometer, UVs-
8005 power supply, Ulbricht sphere.
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Fig. 3. Spectrum test report: for 2.5 mW, 280 nm diode (a), for the
end of a 50-cm section of a PMMA optical fibre connected
to the same diode (b).

This material is characterized by a high maximum
operating temperature (80°C) and high tensile strength
(75 MPa, and 100 MPa for compression), high trans-
parency (92%), easy processing, and resistance to inorganic
substances. The propagation of light in an optical fibre is
based on the phenomenon of a total internal reflection
where the optical fibre ability to collect the useful light
energy is determined by numerical aperture (NA) which
depends on the fibre acceptance angle. The optical fibre
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consists of a core and a surrounding layer which is the
cladding. In a traditional (end emitting) optical fibre, after
exceeding the limit value of the optical fibre acceptance
angle, the cladding prevents the light from leaking out.
However, the authors wanted the light to propagate along
the optical fibre entire length to ensure the antibacterial
effect of the radiation not only at the end of the optical fibre,
but also along its full length. Therefore, the side emitting
optical fibres were used, the cladding of which partially
transmits the light. Due to the way they are constructed,
with a cladding that is intentionally less effective, light
gradually escapes along the whole length of the fibre
creating an even fairly glow (Fig. 4).

Fig. 4. Side emitting optical fibres.

For the purposes of the research, optical fibres with a
diameter of 0.75mm and a diameter of 0.5 mm side
emitting with micro-windows were tested. These optical
fibres are woven into the structure of the spacer knitted
fabric.

The spacer knitted fabric consists of two outer layers
connected to each other by an inner layer of spacer
monofilaments. Spacer fabrics can be used in different
product groups such as mobile textiles (car seat covers,
dashboard cover), industrial textiles (composites), medical
textiles (anti-decubitus blankets), and sports textiles [14].
The structure of the knitted fabric is open and makes it
permeable to air. Such a special 3D structure allows for
placing sensors or other electronic devices or, as in the
proposed system, optical fibres (Fig. 5).

Fig. 5. Spacer fabric with interwoven optical fibres.

Three types of a spacer-knitted fabric were considered,
differing in the monofilament layer thickness (3 mm,
4 mm, 5mm) and the wave density. There were no
significant differences in terms of the possibility of
integration with the optical fibre mesh system, each of the
proposed types of spacer fabric (Fig. 6) can be used in the
system construction. However, due to the loss of elasticity
of the knitted fabric when a thicker optical fibre is woven,
a 0.5-mm thick fibre was selected for further research.

Fig. 6.  Spacer fabric with interwoven optical fibres.

The research next stage was to model the location of
optical fibres in the knitted fabric structure. Two variants
of fibre densification were assumed. The 1:1 and 1:2
variants assume the location of the optical fibres in parallel
in the structure of the spacer knitted fabric with the
following density: 1:1 one optical fibre for one knitted
column, 1:2 one optical fibre for every second knitted
column (Figs. 7 and 8).

@)

(b)

Fig. 7. Model of a distance-knitted fabric with optical fibres in the
monofilament structure: variant 1:1 [11] (a), and variant 1:2 (b).

Fig. 8. Weaving optical fibres into the knitted fabric: variant 1:1
(a) and variant 1:2 (b).
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The ends of the optical fibres were pulled out of the
properly prepared samples in both variants of fibre density.
They were derived from the knitted fabric and connected
with the system of LEDs. Two types of diode connections
have been constructed:

e LEDs connected to the optical fibre bundle,
e LEDs located in the protective tape connected
edge-to-edge.
Both types use 10-mW/100-mA LEDs emitting UV-C
radiation in the range of 265-280 nm (Fig. 9).
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Fig. 9. Spectrum of radiation at the temperature of T = 25 °C [15].

In the first solution (Fig. 10), single optical fibres were
grouped into bundles of 11 fibres which were protected
with silicone lagging. Next, optical fibres in bundles were
cut and their surfaces were ground in order to obtain the
best possible contact surface with the front of the diode.
The whole bundle (fibre optics bundle with the diode) was
placed in a heat shrink tube for protection and permanent
immobilization of elements.

The second proposed connection system used a silicone
protective tape in which diodes were previously connected
(Fig. 11). In this solution, diodes were not in a direct

Fig. 11. LEDs located in the protective tape connected edge-to-edge.

contact with the fronts of the light guides, and radiation was
dispersed.

In both systems, prior to connection, the diodes were
equipped with heat sinks to dissipate heat and were
connected to the power supply system. 12- and 24-VDC
constant voltage switch mode power supplies with voltage
stabilization were selected to power the system. The system
allows to adjust the emitted radiation power level by
changing the diode current. The current of a single diode
was of 80 mA which was 80% of the relative radiation
power.

For demonstration purposes, a UV diode emitting
visible light with a wavelength Aq of 360-370 nm was
connected to the systems (Figs. 12 and 13).

Fig. 12. System visualization for diodes connected to the optical fibre
bundle using visible light radiation.

Fig. 13. System visualization for diodes located in the protective tape
connected edge-to-edge using visible light radiation.

The light propagation along the optical fibre depends on
many factors, among which, apart from the optical fibre
material itself, the angle of the light beam entering its core
is the most important one. Therefore, for better light
propagation, a diode system connected to the optical fibre
bundle was chosen.

3. Microbiological testing

Microbiological tests consisted of performing
microbiological (quantitative and qualitative) analyses of
selected taxonomic groups of microorganisms on the
prepared textronic knitted fabrics before and after the
irradiation process. They were carried out in the
Microbiological Laboratory of the Faculty of Infrastructure
and Environment of the Czgstochowa University of
Technology.

At the beginning, a preliminary assessment of the
effectiveness of the proposed methods of removing
biological contaminants from the tested materials was
performed. Moreover, the bactericidal effectiveness was
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determined which was given as a percentage of the tested
microorganisms removal. The samples of the modified knitted
fabric were prepared in a 1:1 and 1:2 configuration with a
woven optical fibre with a diameter of 0.5 mm. The tested
material consisted of the prepared fragments of textronic
knitted fabrics with connected LEDs. Figure 14 shows
examples of materials used in the research. The samples
were tested on the experimental stand shown in Fig. 15.

R,
(]
.

g
,I'II!I

Fig. 15. Test stand: RIGOL power supply and irradiation chamber.

On the tested fabrics specific concentrations of biological
contaminants (municipal sewage, dilution ratio of 107%)
were introduced into circular areas marked on the fabric in
Figs. 11 and 12. The sewage contains groups of micro-
organisms that cause sanitary contamination and a large
part of them are groups of pathogens important for
nosocomial infections. The reference (control) was made of
unmodified and irradiated knitted fabrics. Materials were
biologically contaminated within the marked areas by
spraying (from the atomizer) with prepared sewage
dilutions. In order to limit the contaminated area only to the
marked area, dilutions of the wastewater were introduced
through a plastic pipe with a diameter of the studied area (it
corresponded to the surface of the contact plate with a
diameter of 55 mm). Prior to the irradiation, controls were
taken using the replica plating method. It is used for the
tests involving the collection of a sample from a plate filled

with a suitable growth medium with a convex meniscus.
This method is used to determine a degree of microbial
contamination of various smooth surfaces, packaging
materials, and fabric surfaces. In the studies on estimating
the number of microorganisms discussed in the paper,
during each sampling, the lid was removed from sterile
plates (with a substrate appropriate for a given group of
microorganisms) and the plate substrate was pressed
against the tested surface of the fabric for about 10 s. In
order to standardize the sampling in terms of
microbiological cleanliness of the surface, an even pressure
was applied to the plate surface of 500+50 g for 10+1 s
(applicator). Then, the plate was sealed, turned upside
down and placed in an incubator at an appropriate
temperature and for a period of growth specified for the
analysed group of microorganisms. Next, the number of
colonies grown on individual plates was counted. The
results are given in CFU (colony-forming unit) per 25 cm?
area (plate area).

In the preliminary tests, two variants of knitwear were
irradiated for 30 min at a room temperature of
approximately 23 °C. After the irradiation process, samples
were taken to determine the degree of reduction in the
amount of potentially pathogenic microorganisms on the
knitted fabric surface. The total number of mesophilic
bacteria was determined. This group of microorganisms
includes a majority of potentially pathogenic
microorganisms for which the human body temperature is
optimal for development. The preliminary test results
(Table 1) showed a much higher efficiency of the system
based on the 1:1 variant than on 1:2, so this system was
subjected to further microbiological tests.

Table 1.
The preliminary test results.

Reduction of the number of

Variant microorganisms after the process [%]
1:2 50
1:1 91.9

In the subsequent studies, 4 variants of the irradiation
time of knitted fabrics were used: 15 min, 30 min, 60 min,
and 120 min. After the process, the samples were taken to
determine the reduction degree in the amount of potentially
pathogenic microorganisms on the knitted fabrics surface.

Quantitative and qualitative analyses of micro-
organisms important for nosocomial infections were
performed. The total number of bacteria, the total number
of bacteria from the Enterobacteriaceae family (this group
includes, among others, Klebsiella pneumoniae bacteria),
and the total number of bacteria from the so-called coli
group, including Escherichia coli, were determined.
Additionally, the total amount of fungi and actinomycetes,
which can also cause lesions in humans, was determined.

Microbiological tests of the knitted fabrics surfaces
were carried out in accordance with the recommendations
of PN-EN [ISO 18593:2018-08 and the European
Pharmacopoeia [16,17].

The following substrates (BioMaxima SA contact
plates) were used for the study intended for each group of
the analysed microorganisms (selectively differentiating):
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e VRBG LAB-AGAR™ + Letheen + Tween (contact
plates) medium is used to isolate and determine the total
amount of bacteria from the Enterobacteriaceae family,

e Sabouraud Dextrose with Chloramphenicol IRRLAB-
AGAR™ + Letheen + Tween is used to isolate and
determine the total number of fungi,

e TSA IRR LAB-AGAR™ + Letheen + Tween/box
medium is used to isolate and determine the total
number of bacteria,

e Actinomycete LAB-AGAR™/250 g medium is used to
isolate and determine the total amount of
actinomycetes,

e TBX LAB-AGAR™ medium is used to isolate and
quantify the total amount of (B-D-glucuronidase-
positive) Escherichia coli and coliform bacteria.

After sampling the knitted fabrics, the plates were
incubated at 28 °C for 24-48 h (determination of the total
number of bacteria) and 1-3 days (determination of the
total number of fungi and actinomycetes).

The plates were incubated at 37 °C to determine the
total number of bacteria from the Enterobacteriaceae
family and coliforms (for 24-48 h). The research was
carried out in three replications, and the mean values are
used in the results. For each type of bacteria, 6 samples
were prepared: 3 control and 3 irradiated. The percentage
of reduction was calculated from Eq. (1):

Ay —

R= -100%, 1
A %o @)

where 4, is the mean number of colonies in a control
sample, and 4 is the mean number of colonies in a sample
after irradiation.

The percentage uncertainty of reduction was calculated
using Eq. (2):

AA
AR =—-100%, )
Ao

where 44 is the standard deviation of the colonies number
after irradiation. Examples of contact tests are shown in
Figs. 16-20.

4.  Research data analysis

Tables 2-5 show the number of microbial colonies in
the control and irradiated samples and the percentage
reduction, as well. The mean and standard deviation were
given which was taken as a measure of the measurement
uncertainty. The reduction uncertainty does not exceed
10%, and, in most cases, it is below 5%.

The results presented in Tables 2-5 showed that the
total reduction of all tested microorganisms in relation to
the controls was the following for the 4 tested exposure
times, respectively:
after 15 min: 68%,
after 30 min: 78%,
after 60 min: 93%,
after 120 min: 99%.

Knitted fabric modification proved effective in redu-
cing the amount of potentially pathogenic microorganisms.

Fig. 16. Example of a comparison of the determination of the total
amount of bacteria (from the left) isolated from the control
knitted fabric and irradiated under a 30-min exposure,
lower part of the contact plate.

Fig. 17. Example of a comparison of the determination of the total
number of bacteria from the Enterobacteriaceae family
(from the left), isolated from the control knitted fabric and
irradiated for 30 min: lower part of the contact plate.

Fig. 18. Exampleof the comparison of the determination of the total
amount of coliform bacteria (from the left) isolated from
the control knitted fabric and irradiated under a 30-min
exposure, lower part of the contact plate.

number of fungi (from the left) isolated from the control
knitted fabric and irradiated under a 30-min exposure,
bottom part of the contact plate.

Fig. 20. Example of a comparison of the determination of the total
number of actinomycetes (from the left) isolated from the
control knitted fabric and irradiated under a 30-min
exposure, lower part of the contact plate.
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Table 2.

The results of the microbiological analysis of the knitted fabrics

surface after 15 min of irradiation.

Table 4.

198

The results of the microbiological analysis of the knitted fabrics

surface after 60 min of irradiation.

Type of marking

Number of microbial
colonies isolated from
25 cm? of the knitted
fabric surface

Reduction of
microorganisms
after the process
[%]

Type of marking

Number of microbial
colonies isolated from
25 cm? of the knitted
fabric surface

Reduction of
microorganisms
after the process
[%]

Control (C) Control (C)

without Exposed without Exposed

exposure exposure
Total number of 96+3.6 21+1.8 78+2 Total number of 51+£2.3 7+1.2 8612
bacteria bacteria
Total number of 19+2.6 3+0.8 84+4 Total number of 20+1.9 1+0 95+0
bacteria from the bacteria from the
Enterobacteriaceae Enterobacteriaceae
family family
Total number of 137£3.0 59+3.3 57+2 Total number of 81+£2.1 7+1.4 91+2
coliform bacteria coliform bacteria
Total number of 12+1.4 4+0.6 67+5 Total number of 6+0.75 0 100
bacteria of the genus bacteria of the genus
Escherichia coli Escherichia coli
Total number of fungi  15+0.7 8+1.4 479 Total number of fungi 3242 24+0.4 94+1
Total number of 17+1.4 4+1.1 77+6 Total number of 17+1.4 1+0 94+4
actinomycetes actinomycetes

Table 3. Table 5.

The results of the microbiological analysis of the knitted fabrics
surface after 30 min of irradiation.

The results of the microbiological analysis of the knitted fabrics
surface after 120 min of irradiation.

Type of marking

Number of microbial
colonies isolated from
25 cm? of the knitted
fabric surface

Reduction of
microorganisms
after the process
[%]

Type of marking

Number of microbial
colonies isolated from
25 cm? of the knitted
fabric surface

Reduction of
microorganisms
after the process
[%]

Control (C) Control (C)

without Exposed without Exposed

exposure exposure
Total number of 62+3.2 5+0.9 92+1 Total number of 44+1.7 1+0 98+0
bacteria bacteria
Total number of 17242.8 53+1.9 69+1 Total number of 91+2.7 0 100
bacteria from the bacteria from the
Enterobacteriaceae Enterobacteriaceae
family family
Total number of 50£1.9 13+1.4 74+3 Total number of 1542.6 0 100
coliform bacteria coliform bacteria
Total number of 5+1.1 0 100 Total number of 6+1.1 0 100
bacteria of the genus bacteria of the genus
Escherichia coli Escherichia coli
Total number of fungi  13£1.17 7+0.9 467 Total number of fungi 21+2.3 0 100
Total number of 61£1.6 8+0.8 87+1 Total number of 37433 1 972

actinomycetes

actinomycetes

The percentage reduction in individual taxonomic groups
of the analysed microorganisms depended on the exposure
time. Figure 21 shows the percentage reduction of
microorganisms in relation to the control sample after 15,
30, 60, 120 min: bacteria, Enterobacteriaceae, coliforms,
Escherichia coli, fungi, and actinomycetes.

The data analysis in Table 2 shows that the reduction
for individual groups of microorganisms after 15 min of
irradiation ranged from 47% for fungi to 84% for bacteria
of the Enterobacteriaceae genus. Along with the extension
of the exposure time, the percentage reduction of
pathogenic forms usually increased (Tables 3-5). The
mean total number of active microorganisms decreased

with time, and the reduction degree was of 78%, 92%, 86%,
98% for the exposure times of 15, 30, 60, and 120 min,
respectively. The observed mean reduction in the number
of all tested microorganisms in total increased and
amounted to 68%,78%, 93%, and 99% for 15, 30, 60 and
120 min of UV-C exposure, respectively. Certain
deviations in the dynamics of reduction result from the
inability to prepare identical samples (nonuniform
distribution of microorganisms in the environment). The
quickest reaction to the irradiation was observed for the
bacteria of the genus Escherichia coli. Already after 30 min
of UV-C treatment, the reduction in the amount of these
conditional pathogens was of 100% (Table 3). The research
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The level of reduction of microorganisms
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Fig. 21. Percentage reduction of microorganisms in relation to the
control sample after 15-, 30-, 60-, 120-min exposure
including: total amount of bacteria, bacteria from the
Enterobacteriaceae family, coliforms, Escherichia coli,
fungi, and actinomycetes.

confirmed earlier reports [18] that bacteria are among the
microorganisms most susceptible to UV-C radiation,
whereas fungi are destroyed to a lesser extent by the
irradiation.

5.  Conclusions

Potentially dangerous microorganisms with which we
come into contact very often include coliform bacteria and
enterococci (formerly faecal streptococci). Most often,
these microorganisms cause infections of the digestive
system. Sometimes these bacteria, especially drug-
resistant, can also cause sepsis, which is potentially
extremely life-threatening. In turn, weakened organisms
can also easily succumb to viral infections and be more
prone to serious health complications [19,20]. Bacteria of
the Enterobacteriaceae family (which also often exhibit
drug resistance to many antibiotics) are also a particular
health hazard [21,22].

The article discusses the assumptions and methods of
implementing the microbiological reduction system. By
selecting the appropriate elements, such as optical fibre
type and size, spacer fabric type, optical fibres density, and
technology of their connection to the UV-C light generator,
the source of which was LED diodes of appropriate power
and radiation range, various system configurations were
considered and tested in order to find the optimal solution.
This solution ensures, thanks to the appropriate
propagation of the UV-C radiation through optical fibres,
the highest sterilization effect while maintaining the
functional properties of the knitted fabric. It is worth
mentioning that the tests did not detect any degradation of
the knitted fabric under the UV-C radiation influence.

According to the presented analysis of the research
results, the applied modification of the knitted fabric turned
out to be effective in reducing the amount of potentially
pathogenic microorganisms. The percentage reduction of
individual taxonomic groups of the analysed
microorganisms depended on the exposure time, but after
15 min the reduction was achieved from 47% for fungi to
84% for Enterobacteriaceae. With time, the reduction
typically increased so that after 60 min it was of about 90%
and after 2 h it was close to 100% for all types of the tested
microorganisms. The fastest reduction is achieved in the
Escherichiacoli genus: after 30 min the reduction was of
100%. The results indicate that the presented method has a
great potential and could be used in the sterilization of
textile materials.
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