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this case, a well-functioning bond be-
tween the biocide and nonwoven is very 
important [16, 17].

Biocides, whose applications in the tex-
tile industry have been described in many 
publications, represent various types of 
chemical compounds, e.g. aldehydes, 
biphenols (Triclosan), quaternary ammo-
nium salts (Sanitized), oxide compounds, 
metal ions, dyes with biocidal properties 
and even antibiotics [1, 4, 5 - 7, 13, 15]. 

The efficiency of biocides depends on 
their structure and the properties of the 
active substance, as well as on other 
factors, such as exposure time, the con-
centration of the biocide, the number of 
microorganisms in the environment, tem-
perature, pH, the presence of pollutants, 
surfactants, etc. [1]. However, the most 
important factor is the biocide type and 
its locaion in the nonwoven. Biocides 
should be present near the nowoven sur-
face to interact with microbial cells and 
to demonstrate the highest activity [1].

According to new legislation (The Eu-
ropean Parliament and European Coun-
cil Directive 98/8/EEC concerning the 
marketing of biocidal products) and 
the obligatory observance of the regu-
lation concerning the use of chemical 
compounds listed in particular groups 
of products, applicable in Poland since 
September 1st 2006, the compounds used 
both in research and in textile product 
applications (category II group 9 – ma-

terials used for nonwoven preservation) 
should be verified [1].

Silver ions on carriers, approved for use 
in the textile industry, are a very good 
antimicrobial agent. The mechanism of 
their effect on microorganisms involves 
the destabilisation of the cytoplasmatic 
membrane, interference with the trans-
port of electrons and protons into the cell, 
and after the penetration of silver into the 
cell, the inactivation of enzymes, DNA 
damage and the inhibition of intracellular 
energy-generating reactions [1, 12].

Silver ions are characterised by a longer 
action time and a high biocidal effect, 
which is seen considerably later in com-
parison with other biocides, but the anti-
microbial activity is then very high and 
prolonged.

No development of microbial resistance 
to silver ions has been observed [12, 14].

The use of silver in the production of 
textile materials, such as fibres and non-
wovens, is becoming more and more 
common. Such products are currently 
manufactured by many well-known com-
panies, such as Du Pont, Nylstar, Rhodia, 
Hoechst and others. There are many pat-
ents – Chinese, European, American – 
concerning the use of silver ions or ions 
of other metals (e.g. zinc, copper) in the 
production of antimicrobial synthetic fi-
bres [3, 8, 12, 14, 18, 20]. 
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Abstract
The paper presents the results of studies aimed at the assessment of the antimicrobial ac-
tivity of filtrating meltblown nonwoven used in the production of protective half-masks. 
Polypropylene nonwoven materials containing a biologically active compound in their 
composition - Ag/AgCl ions on different carriers: ZnO, TiO, BaSO4, were used in the study.  
The effect of different carriers and an electric charge on the antimicrobial activity of the 
nonwoven against four species of bacteria and fungi was tested. Meltblown nonwovens with 
Ag/AgCl on the carriers added were characterised by high antimicrobial activity against 
bacteria: E. coli, S. aureus and fungi: C. albicans, A. niger. The antimicrobial activity 
of Ag/AgCl was demonstrated to depend, to a large extent, on the carrier of the active 
substance. Simultaneous use of two types of carriers - TiO and ZnO, as well as TiO2 and 
BaSO4, considerably increased the antimicrobial activity of the nonwovens in comparison 
with those in which one carrier was used. Higher antimicrobial activity was also observed  
in the presence of a static electric charge on the nonwoven fibres. Microscopic studies 
demonstrated the correct distribution of the active substance on the surface and just under 
the surface of the fibres, and oil mist aerosol filtration tests confirmed that the presence of 
biocide does not affect the filtrating properties of the nonwoven. Biocidal efficiency both 
against bacteria and fungi after 8 h contact with the nonwoven was demonstrated. A high 
antimicrobial effect was obtained after 24 h, which indicates the long-term mechanism of 
the effect of silver on microbial cells.
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n	 Introduction 
Bioactive nonwovens (biologically ac-
tive, antimicrobial) are nonwovens to 
which a biocide is added in the manufac-
turing process. Biologically active prod-
ucts made of such nonwovens make it 
possible to eliminate microorganisms or 
to inhibit their growth. Bioactive materi-
als are widely applied, among others, and 
can be used in underwear, dressing mate-
rials, for the hygienic finish of clothing, 
in filter materials for ventilation and air-
conditioning systems as well as in masks 
and protective clothing [17]. 

Textiles can acquire antimicrobial prop-
erties by modification of the nonwoven 
structure – stable binding of biocidal 
agents at the nonwoven manufacturing 
stage, e.g. introduction of metal particles 
– silver, copper, zinc in the form of zeo-
lites added to the nonwoven in the proc-
ess of its formation. Antibiotics or dyes 
can also be added to modified nonwo-
vens by grafted copolymerisation, or by 
nonwoven processing – coating with ad-
ditional layers, or incorporation into the 
nonwoven [17, 19]. 

Biocides present in nonwoven can inter-
act with microorganisms by a control-
led release mechanism. Consequently, a 
compound is present on the surface and 
inside the nonwoven, which also acts in 
the immediate environment, as well as 
after contact between the microorganism 
and surface of a bioactive nonwoven. In 
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Silver is used in the form of monomol-
ecules suspended in silver oxide and in-
troduced into the polymer from which 
nonwoven is produced [20]. The use of 
silver compounds as a protective layer 
on the nonwoven surface is known [20]. 
Nonwovens obtained in this way have 
a limited biological activity since only 
the nonwoven surface, with a biocide 
applied onto it, is active; however, this 
activity wears off with time because of 
the detachment of the active compound 
molecules from the nowoven surface. 

The study presented involved the search 
for new technological solutions for the 
production of biologically active non-
wovens to be used for health (protective 
masks) and environmental protection 
(filters in ventilation and air-condition-
ing systems). The aim of the study was 
to obtain biologically active nonwovens 
containing silver ions on inorganic car-
riers with high levels of antibacterial and 
antifungal activity. 

Experiments were carried out on test 
microorganisms – representatives of 
Gram-positive (Staphylococcus aureus) 
and Gram-negative bacteria (Escherichia 
coli) as well as fungi representing yeasts 
(Candida albicans) and moulds (As-
pergillus niger). The test bacteria repre-
sent various morphological and physio-
logical forms which determine their var-
ied resistance to disinfectants. E. coli is 
highly resistant to disinfectants because 
of the presence of lipopolysaccharide in 
the external membrane. This bacterium 
belongs to a group of opportunistic sapro-
phytes which can cause gastrointestinal 
disorders. S. aureus represents a typical 
microflora present in the air, which is a 
cause of respiratory system infections in 

humans. The Yeast-like fungi C. albicans 
are opportunistic human pathogens, com-
mon in the environment in which people 
live (present on mucous membranes), 
which are responsible for dermatoses and 
can infest the reproductive system and 
gastrointestinal tract.

A. niger, a filamentous fungus, was se-
lected for the tests because of its common 
occurrence in indoor environments and 
high resistance to disinfectants. It can 
cause opportunistic mycoses in humans 
[8, 10, 11].

n	 Experimental
Material and methods
Nonwovens
Polypropylene meltblown nonwovens 
with the addition of an active substance 
– silver in the Ag/AgCl form on different 
carriers: titanium oxide (TiO2 – marked 
as T), barium sulphate (BaSO4 – marked 
as B), zinc oxide (ZnO – marked as L) 
were tested. 

The nonwovens were made of poly-
propylene, whose trade name is Malen 
S-901 (Orlen , Płock) and produced by 
blowing molten polymer at a temperature 
≥ 300 °C. 

Nonwovens were produced with and 
without an electric charge applied - un-
der 25 kV voltage. Before processing the 
polypropylene into nonwoven, an active 
substance in the form of poly propylene 
concentrate, known under the trade name 
of COLORSVIT 9212-PP-30/T, B or L, 
containing 30% Ag/AgCl, was added. 
The concentrate was obtained from the 
Institute of Chemical Fibres in Svit, Slo-

vakia and used in the amount of 3% by 
weight in relation to the polypropylene.
 
The nonwovens characterised in Table 1 
were tested for biological activity. 

The filtration properties of the nonwo-
vens were tested with paraffin oil aerosol 
flow according to PN-EN 149:2004. The 
aerosol flow rate was 95 l/min.

Microscopic images of the nonwovens 
were obtained with a Quanta 200(W) 
SEM manufactured by FEI Company in 
order to check the distribution of active 
substances on the surface and inside the 
nonwovens.

Microorganisms
Microorganisms from the American Type 
Culture Collection: Escherichia coli 
ATCC 10536, Staphylococcus aureus 
ATCC 6538 and from the Collection of 
Pure Cultures Łock of the TUL Institute 
of Fermentation Technology and Micro-
biology: Aspergillus niger Łock 0439, 
Candida albicans Łock 0001 were used 
in the tests. 

Tests of antimicrobial activity 
of the nonwovens
Samples of nonwoven of 6.25 cm2 sur-
face area were placed in sterile Petri 
dishes. 

Inoculum suspensions of respective den-
sities determined by the culture method, 
reaching the following levels: E. coli 
- 2,0×107 CFU/ml, S. aureus - 5,0×107 
CFU/ml, A. niger - 8,0×105 CFU/ml, 
C.albicans - 1,5×107 CFU/ml, were pre-
pared.

The research method was based on 
AATCC 100-1998 methodology – proce-
dure of qualitative determination of anti-
bacterial activity of a textile material. All 
the textile samples were inoculated with 
0.1 ml of the inoculum suspension of a 
particular microorganism. Each material 
sample (repeated 4 times, because of the 
4 exposure times tested) was inoculated 
by the inoculum suspension prepared and 
left to incubate at temp. 27 °C (fungi) 
and 30 °C (bacteria). The samples were 
collected after 0, 4, 8, and 24 hours af-
ter material inoculation. Afterwards the 
textile samples were transferred to sterile 
physiological saline, then the microor-
ganisms were washed out and shaken for 
15 minutes in an aqueous bath. After that 
the suspension of bacteria was diluted 
with sterile physiological saline and in-

Table 1. Bioactive nonwoven types tested.

Sample 
code

Added concentrate containing 30% Ag/AgCl  
with an appropriate carrier

Presence of static charge
(no: -; yes:+)

WP1/0 Control without concentrate -
WP1/e Control without concentrate +

B/0 BaSO4 -
B/e BaSO4 +
T/0 TiO2 -
T/e TiO2 +
L/0 ZnO -
L/e ZnO +

BT/0 BaSO4 + TiO2 -
BT/e BaSO4 + TiO2 +
BL/0 BaSO4 + ZnO -
BL/e BaSO4 + ZnO +
TL/0 TiO2 + ZnO -
TL/e TiO2 + ZnO +
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oculated onto a sterile Petri plate. Each 
sample was immersed in a semi-liquid 
culture medium - TSA (bacteria) or MEA 
(fungi), mixed and left until it set. Then 
the inoculated plates were incubated at 
30 °C for 24 h (bacteria), and at 27 °C 
for 48 - 72 h (fungi). Afterwards all the 
colonies grown were counted.

Interpretation of results
The results obtained were used for cal-
culation of the mean values for each 
microorganism for a particular hour of 
exposure and given nonwoven type. The 
results were expressed in CFU (Colony 
Forming Units) per sample, which re-
flected the dynamics of changes in mi-
crobial counts during the exposure to the 
nonwovens. 

Antimicrobial activity was expressed as 
biocidal activity (A) and biostatic activi-
ty (S). A value of A(S)<0.4 was classified 
as low, whereas A(S)>0.4, i.e. a 3-fold 
reduction in CFU, was classified as good. 
The biocidal activity (A) was calculated 
using the following formula:

A = log C0/Btn                    (1)
where:
C0 - CFU per sample after time t0 of 

exposure to the particular nonwo-
ven containing no biocide (control 
sample)

Btn - CFU per sample after time tn of ex-
posure to the particular nonwoven 
containing a biocide.

The biostatic activity (S) was calculated 
using the follwing formula:

S = log Ctn/Btn                (2)
where:
Ctn - CFU per sample after time tn of 

exposure to the particular nonwo-
ven containing no biocide (control 
sample)

Btn - CFU per sample after time tn of ex-
posure to the particular nonwoven 
containing a biocide.

Statistical analysis of the results regard-
ing the number of microorganisms: 
mean, standard deviation and Pearson’s 
coefficients were determined using the 
computer program Excel.

n	 Results
Results concerning the filtration proper-
ties of bioactive nonwovens are present-
ed in Table 2. Only nonwovens contain-
ing a static electric charge were analysed 

Table 2. Filtration properties of bioactive 
nonwovens tested with paraffin oil aerosol. 

Sample code Penetration, 
%

Resistance, 
Pa

WP1/e 4.3 151.4
WP1/e 3.8 152.1

B/e 4.3 151.6
B/e 4.0 152.4
T/e 3.5 163.9
T/e 4.5 151.3
L/e 4.4 142.8
L/e 3.8 153.1

BT/e 3.9 150.4
BT/e 3.5 162.7
BL/e 3.4 155.4
BL/e 3.7 151.3
TL/e 4.5 152.8
TL/e 3.3 160.8

as meltblown nonwovens with no such 
charge are not used for the production of 
protective half-masks.

The results obtained indicate that the fil-
tration properties of nonwovens are not 
dependent on the presence of a bioactive 
agent. The level of penetration of paraffin 
oil aerosol was similar – within the 3.3% 
to 4.5% range – for both the control non-
woven WP1/e and bioactive nonwovens. 
The same relation was observed with re-
spect to the resistance of the nonwovens 
tested.

Microscopic images of the fibres selected 
are presented in Figure 1. They indicate 
that active substance molecules are locat-
ed both inside the nonwovens, just under 
the surface, and on their surface, which 
may have a favorable effect on their bio-
logical activity.

The results concerning changes in the 
microbial counts of the samples during 
incubation are presented in Table 3 (see 
page 26). The counts of all the analysed 
microorganisms present on the nonwo-
vens were found to decrease with the 
time of exposure. However, it could 
be observed that bacteria (E. coli and 
S. aureus) died more slowly than fungi 
(A. niger and C. albicans). It was also 

found that nonwovens with an electric 
charge (.../e) cause more rapid decreases 
in microbial counts than non-charged 
ones. Nonwovens TL, B, BL for S. au-
reus, nonwoven TL for E. coli and non-
woven L for C. albicans were the ex-
ceptions, where a larger decrease in the 
number of microorganisms was observed 
in nonwovens without an electric charge. 
There were also differences in the de-
creases in microbial counts due to the use 
of nonwovens with different silver carri-
ers. A considerable decrease in microbial 
counts (CFU) was observed in control 

a) b)

c) d)

Figure 1. Microphotos of nonwoven: a -  without any active agent, b, c, d -  with silver  
(Ag/AgCl added to the: b - TiO2 carrier, c - TiO2/ZnO carrier,d - BaSO4 carrier. 
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nonwovens without silver (WP1/...), par-
ticularly for E.coli; therefore the antimi-
crobial activity phenomenon was charac-
terised on the basis of biostatic and bio-
cidal activity indexes. All the nonwovens 
were compared during incubation with 
microorganisms (Table 4).

It was found that the biocidal activity of 
the nonwovens researched increases dur-
ing the time of incubation for the four 
microorganisms, while biostatic activity 
increased or decreased depending on the 
strain and the nonwoven. The biggest 
biostatic and biocidal activities were 
noted for E. coli (for BT/e, WP1/e, L/e 
nonwovens) and for C.albicans (TL/e, 
B/e nonwovens). It was observed that the 
biostatic activity of certain nonwovens 
remained at a constant level; however, it 
decreased during incubation, particularly 
towards the A. niger and S. aureus strains. 
A comparison of the biocidal activity of 
nonwovens and micrrorganisms after 24 
hours of incubation is presented in Fig-
ure 2.

The activity of the test nonwovens after 
24 h of exposure was the highest against 
Gram-negative E. coli (Figure 2). BT/e 
and L/e nonwovens demonstrated the high-
est activity (activity index A = 3.1 - 3.4). 

Additionally, it was observed that non-
woven without biocide but with a stat-
ic charge (WP1/e) was active against  
E. coli with a very good antimicrobial 
effect reaching the level of A = 3.2 after 
24 h. It was also found that an electric 
charge improves the biocidal activity 
of nonwovens with the exception of TL 
nonwoven against E. coli bacteria. 

It was noted that after 24 h of incubat-
ing S. aureus in nonwovens, the highest 
activity was demonstrated by BT/e and 
BL/0 nonwovens, containing two types 
of silver carriers, and L/e containing one 
carrier for silver, whose biocidal activity 
was at a level of A = 1.2 (Figure 2). The 
activity of nonwovens containing two 
types of carriers (BT, BL, TL) was nearly 
twofold higher than that of nonwovens 
with a single silver carrier.

A static charge was also observed to in-
crease the activity of nonwovens BT/e, 
T/e, L/e against S. aureus. This phenom-
enon was not observed for B/e, BL/e, 
TL/e nonwovens, where a static charge 
lowered the biocidal activity. The influ-
ence of a static charge on biocidal activ-
ity against S. aureus was not noted. 

Table 3. Number of microorganisms in cfu/sample during the incubation of bioactivity 
nonwovens with microorganisms; EC - E. coli, SA - S. aureus, AN - A. niger, CA - C. albicans; 
X - mean, S - standard deviation, V - Pearson’s coefficient in %.

Incubation 
time, h

WP1/0 WP1/e

EC SA AN CA EC SA AN CA

0
X
S
V

2.9×106
6.1×105

21

1.6×106
1.9×105

12

4.3×104
5.7×103

13

1.6×106
7.0×105

43

2.7×106
2.4×105

9

1.5×106
1.5×105

10

3.8×104
1.0×104

27

1.4×106
5.7×105

42

4
X
S
V

1.2×106
4.1×105

32

1.5×106
6.4×105

43

4.2×104
7.6×103

18

9.0×105
1.0×105

11

1.1×106
1.0×105

9

1.4×106
4.4×105

31

3.3×104
3.5×103 

11

6.3×105
3.5×104

6

8
X
S
V

8.6×105
1.4×105

17

1.1×106
4.7×105

42

1.4×104
1.5×103

11

5.3×105
2.2×105

41

6.8×105
2.4×105

35

1.1×106
3.1×105

28

9.5×103
7.0×102

7

4.6×105
1.7×105

37

24
X
S
V

6.2×105
2.8×104

5

2.9×105
5.6×103

2

3.7×103
1.5×103

41

2.2×104
2.8×103

13

1.7×103
5.7×102

35

1.2×105
3.4×104

28

3.3×103
3.5×102

11

1.1×105
2.1×104

16

BL/0 BL/e

0
X
S
V

2.6×106
4.6×105

 17

1.5×106
 4.4×105

 30

4.2×104
 1.1×104

 25

1.3×106
2.0×105

 16

2.6×106
1.5×105

5

1.4×106
3.0×105

 21

 4.8×104
7.0×103

 14

1.1×106
2.3×105

 21

4
X
S
V

1.6×106
4.1×105

V; 25

2.1×105
 2.2×105

 1

3.8×104
 1.0×104

 27

7.6×105
 8.5×104

 11

 2.1×106
7.3×105

35
 9.2×105

3.8×104 4
 2.8×104
1.4×103

 5

4.7×105 
6.4×104

 13

8
X
S
V

9.4×105
2.9×105

 31

4.6×105
 1.7×105

 37

2.4×104
 2.8×103

 12

5.6×105
 8.6×104

 15

5.5×105 
9.1×104

16

 1.1×106
2.4×105 

22

 1.1×104
7.0×102

 7

4.2×105
5.6×103

 1

24
X
S
V

8.3×104
2.1×104

 25

3.3×104
3.9×103

 10

9.0×103
1.4×103

 15

7.2×104
1.7×104

 24

7.8×103
2.5×103

32

 2.7×105
9.9×104 

36

3.8×103
1.0×103 

27

2.1×104
1.0×104

 49

B/0 B/e

0
X
S
V

 2.5×106
5.0×105

 20

1.4 ×106
4.0×105

 28

 4.9×104
9.6×103

 19

 1.1×106
6.1×104

 5

2.8×106
1.1×105

 4

1.6×106
1.9×105

 11

4.3×104
5.7×103

 13

1.1×106
3.3×105

 30

4
X
S
V

 1.3×106
3.0×105

 24

 9.7×105
4.4×105

 45

 4.2×104
7.6×103

 18

 9.5×105
5.0×104

 5

1.5×106
6.9×105

 47

 9.7×105
4.0×104

 4

3.0×104
1.5×103

 5

 3.5×105
6.3×1054

 18

8
X
S
V

 7.8×105
1.5×105

 19

 5.8×105
3.4×104

 6

 2.8×104
2.5×103

 9

 6.5×105
1.4×105

 21

7.9×105
2.1×105

 27

 8.8×105
2.8×105

 32

 1.7×104
4.9×103

 30

 1.7×105
3.5×104

 20

24
X
S
V

 7.0×104
1.0×104

 14

 2.6×105
1.1×105

 41

 8.5×103
5.0×102

 6

 1.2×104
4.5×103

 38

9.0×103
4.5×102

 5

 6.9×105
7.0×103

 1

 5.5×103
1.5×103

 27

 3.5×103
7.0×102

 20

BT/0 BT/e

0
X
S
V

2.7×106
3.5×105

13

1.6×106
1.5×105

 10

 4.5×104
1.3×104

 29

1.3×106
2.1×105

 17

2.8 ×106
1.7×105

 6

 1.5×106
3.5×105

 24

 4.2×104
1.2×104

 30

 1.4×106
4.2×105

 30

4
X
S
V

1.1×106
4.3×105

39

 1.4×106
3.6×105

 26

 4.8×104
1.0×104

 21

7.6×106
8.1×104

 10

1.2 ×106
5.4×105

 43

 2.7×105 
5.6×104

 21

 1.8×104
7.5×103

 42

8.1×105
4.3×105

 49

8
X
S
V

6.7×105
2.9×105

43

 1.2×106
4.8×105

 42

 1.5×104
7.0×103

 47

1.3×105
3.2×104

 25

6.8 ×105
2.9×105

 43

 2.3×105
3.7×104

 16

 9.5×103
5.0×102

 5

 1.0×105
0 
 0

24
X
S
V

3.4×103
8.5×102

25

 1.5×105
4.2×104

 27

 4.0×103
0 
 0

5.6×104
1.9×104

 34

1.3 ×103
3.5×102

 28

 9.0×104
1.4×104

 16

 2.3×103
3.0×102

 13

 7.5×103
2.1×103

 28
TL/0 TL/e

0
X
S
V

2.7×106
4.5×105

 17

 1.5×106
2.0×105

 14

 4.8×104
7.6×103

 16

 1.2×106
3.9×105

 34

 2.8×106
5.1×105

 18

 1.6×106
8.5×104

 5

 4.5×104
5.0×103

V; 11

1.3×106
6.1×104

 5

4
X
S
V

1.6×106 
5.7×105 

35

 8.1×105
5.4×104

 6

 4.2×104
1.6×104

 38

 7.2×105
1.2×105

 17

 9.2×105
3.5×105

 38

7.7×105
2.1×105

 27

 2.6×104
5.3×103

V; 20

8.7×105
3.6×105

 42

8
X
S
V

1.2×105
2.7×104

 23

 6.9×105
2.8×105

 40

 4.2×103
1.0×103

 25

 3.9×105
1.7×105

 45

 2.9×105
3.9×104

 13

 7.1×105
8.5×103

 1

 1.5×104
4.7×103

 32

3.4×105
3.6×104

 10

24
X
S
V

2.9×104
5.6×103

 19

 1.7×105
2.8×104

 16

 1.1×103
1.4×102

 13

 7.7×103
2.5×103

 33

 7.5×104
3.5×104

 47

 4.9×105
7.1×103

 1

 1.0×103
0 
 0

1.1×103
7.1×101

 7

T/0 T/e

0
X
S
V

2.9 ×106
4.1×105

 13

 1.4×106
2.1×105 

15

 4.8×104
7.6×103

 16

 1.3 ×106
1.3×105

 10

2.9×106
6.2×105

 22

1.5 ×106
4.9×105

 34

3.9 ×104
1.0×104

 25

1.2 ×106
1.8×105

 15

4
X
S
V

 2.1 ×106
6.3×105

 31

 1.1×106
1.8×105

 16

 4.2×104
1.1×104

 25

 5.2 ×105
1.7×105

 32

1.2×106
2.5×105

 20

1.3 ×106
6.1×105

 48

2.7 ×104
7.0×103 

25

6.4 ×105
1.5×105

 23

8
X
S
V

 8.9 ×105
2.0×105

 22

 6.3×105
1.6×105

 25

 3.6×104
1.2×104

 35

 4.6 ×105
7.8×104

 17

4.3×105
1.1×105

 25

1.4 ×106
5.3×105

 37

1.4 ×104
3.5×103

 25

4.4 ×105
1.5×105

 35

24
X
S
V

 1.4 ×105
3.2×104

 23

 5.5×105
6.7×104

 12

 1.1×104
2.1×103

 20

 2.5 ×105
6.1×104

 24

5.8×104
1.1×104

 18

 3.3×105
1.5×105

 32

7.9 ×103
1.1×103

 13

6.9 ×104
2.7×104

 38

L/0 L/e

0
X
S
V

2.8 ×106
 6.8×105

  25

1.6 ×106
1.0×105

 7

4.4 ×104
4.0×103

 9

1.2×106
1.6×105

 12

3.0 ×106
3.6×105

 12

X.7 ×106
2.3×105

 14

4.0 ×105
1.7×105

 43

1.1 ×106
1.5×105

 10

4
X
S
V

3.2 ×106
4.6×105

 15

8.0 ×105
2.8×105

 35

2.8 ×104
7.2×103

 26

4.2×105
3.7×104

 8

1.5 ×106
4.7×105

 32

8.4 ×105
2.3×105

 28

2.8 ×104
7.6×103 

27

1.1 ×106
3.6×105

 34

8
X
S
V

2.9 ×105
1.2×105

 42

5.1 ×105
1.1×105

 22

1.3 ×104
3.2×103

 26

3.8×105
8.5×104

 22

5.3 ×105
2.5×105

 47

7.9 ×105
2.8×105

 36

1.6 ×104
4.9×103

 30

1.8 ×105
1.6×104

 9

24
X
S
V

7.3 ×104
1.5×104

 21

2.0 ×105
2.6×104

 13

1.0 ×104
1.3×103

 12

1.3×104
3.5×103

 28

2.4×103
8.5×102

 35

8.3 ×104
3.8×104

 46

9.3 ×103
3.1×103

 33

 2.7 ×104
4.2×103

 16
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Table 4. Biostatic and biocidal activity of nonwovens during incubation with microorganisms; EC - E. coli, SA - S. aureus, AN - A. niger, 
CA - C. albicans.

time, 
h

Biostatic activity Biocidal activity
BL/0 BL/e BL/0 BL/e

EC SA AN CA EC SA AN CA EC SA AN CA EC SA AN CA
4 -0.12 0.44 0.04 0.07 - 0.22 0.21 0.18 0.28 0.25 0.86 0.05 0.33 0.14 0.23 0.19 0.54
8 -0.04 0.40 0.22 0.03 0.20 0.02 0.14 0.10 0.49 0.53 0.26 0.46 0.72 0.16 0.62 0.58

24 0.87 0.50 0.39 0.51 1.90 0.09 0.02 0.01 1.54 1.22 0.68 1.35 2.57 0.76 1.05 1.88

B/0 B/e B/0 B/e
4 -0.01 0.19 0 -0.02 -0.08 0.19 0.14 0.42 0.36 0.21 0.02 0.23 0.29 0.21 0.15 0.67
8 0.05 0.29 -0.29 -0.09 0.04 0.12 -0.06 0.48 0.57 0.43 0.19 0.40 0.37 0.25 0.42 0.97

24 0.94 0.06 -0.37 0.28 1.83 -0.37 -0.18 0.80 1.62 0.79 0.71 2.14 2.51 0.35 0.90 2.66

BT/0 BT/e BT/0 BT/e
4 0.06 0.03 -0.06 0.08 0 0.74 0.36 0.01 0.42 0.05 -0.05 0.33 0.37 0.76 0.38 0.26
8 0.11 -0.01 -0.02 0.61 0.10 0.70 0.18 0.72 0.63 0.13 0.46 1.10 0.63 0.84 0.66 1.21

24 2.26 0.29 -0.04 -0.41 2.69 0.52 0.20 0.47 2.93 1.01 1.03 1.46 3.36 1.24 1.27 2.33

TL/0 TL/e TL/0 TL/e
4 -0.12 0.27 0 0.10 0.13 0.29 0.20 0.02 0.25 0.23 0.02 0.35 0.50 0.31 0.22 0.27
8 0.86 0.22 0.54 0.13 0.47 0.21 -0.01 0.19 1.38 0.35 1.02 0.62 0.99 0.34 0.47 0.68

24 1.33 0.24 0.52 0.46 0.91 -0.22 0.56 1.32 2.00 0.96 1.60 2.32 1.59 0.50 1.64 3.19

T/0 T/e T/0 T/e
4 -0.22 0.12 -0.01 0.24 0 0.07 0.18 0.15 0.15 0.14 0.01 0.49 0.37 0.09 0.20 0.40
8 -0.02 0.25 -0.40 0.06 0.31 -0.10 0.02 0.08 0.51 0.39 0.08 0.55 0.83 0.04 0.50 0.57

24 0.65 -0.27 -0.46 -1.06 1.03 0.22 -0.34 -0.50 1.33 0.45 0.62 0.80 1.70 0.50 0.74 1.37

L/0 L/e L/0 L/e
4 -0.41 0.27 0.17 0.33 -0.08 0.25 0.17 -0.07 -0.04 0.29 0.19 0.58 0.29 0.27 0.18 0.19
8 0.48 0.35 0.06 0.14 0.21 0.16 -0.06 0.46 1.01 0.49 0.54 0.63 0.74 0.29 0.42 0.95

24 0.92 0.42 -0.46 0.25 2.41 0.55 -0.41 -0.09 1.60 0.88 0.62 2.11 3.08 1.27 0.67 1.78

WP1/e WP1/e
4 0.04 0.03 0.16 0.11 0.41 0.05 0.41 0.12
8 0.10 0.02 0.06 -0.01 0.63 0.15 0.55 0.48

24 2.57 0.39 -0.79 0.05 3.24 1.11 1.08 1.12

The nonwovens researched showed 
high activity against C. albicans (Fig-
ure  2). The activity of the test nonwo-
vens against C. albicans yeast was the 
highest for nonwovens TL/e, B/e, BT/e  
(A = 2.3 – 3.2). Moreover, the influence 
of an electric charge on the increase in 
biocidal activity was also observed, with 
the exception of L/e nonwoven. 

The nonwovens tested showed antifun-
gal activity against A. niger mould after 
24  hours of incubation (Figure 2). The 
effect of the test nonwovens on moulds 
was observed to be the weakest compared 
with bacteria and yeast. The highest ac-
tivity was seen in the case of TL/e and 
BT/e nonwovens (A = 1.6). As regards 
this strain, the marked effect of a static 
electric charge on the increase in biocidal 
activity was observed for all nonwovens.
Comparing the biocidal activity of non-
wovens containing one or two carriers 
revealed meaningful differences, par-
ticularly for the BT and TL nonwovens, 
whereas there were no differences the for 
BL nonwoven. 

n	 Conclusions
The meltblown nonwovens investigated 
demonstrated varied biocidal activity. 
Biocidal activity against the test microor-
ganisms: Escherichia coli bacteria, Sta-

phylococcus aureus, Aspergillus niger 
mould, and Candida albicans yeast was 
observed. 

The best biocidal effects against all the 
test microorganisms were characterised 

Figure 2. Biocidal activity of nonwoven with biocides, without electrostatic ..... (.../0) and 
with (.../e), to E. coli , S. aureus, A .niger, C. albicans yeast after 24 hours incubaction with 
nonwoven.
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by nonwovens containing silver on TiO2 
and BaSO4 carriers (BT nonwovens) and 
nonwovens with silver on carriers TiO2 
and ZnO (TL nonwovens). Generally it 
was observed that the appropriate selec-
tion of two carriers improves the effec-
tiveness in comparison with nonwovens 
in which a single carrier was used. The 
latter demonstrate weaker biocidal activ-
ity against the test microorganisms. 

A good fungicidal effect of nonwovens 
with silver on the TiO2 carrier was noted, 
whereas nonwovens with the addition 
of Ag/AgCl on ZnO as a single carrier 
were characterised by a good effect on 
bacteria. Both high biocidal activity and 
reduced time off effective contact of the 
microorganisms with the nonwoven had 
good effects. 

It was confirmed that silver mainly re-
veals the biocidal effect on microorgan-
isms rather than the biostatic. In several 
cases the change in static effects was not 
observed, or their decreases were ob-
served during the incubation of the non-
wovens. 

Predominant biocidal effects were noted 
after 8 and 24 hours of incubation; the 
late effect may result from the time need-
ed for the silver present on the nonwo-
ven surface to come into contact with the 
microorganisms. The delayed biocidal 
effect was observed mainly in the case 
of fungi, which is probably associated 
with their physiology and high resistance 
to disinfectants. Fungi have significant-
ly thicker cell membranes and various 
physiological forms (spores, mycelium).
 
E. coli bacteria and C. albicans yeast 
were found to be the most sensitive 
to silver, whereas A. niger mould and 
S. aureus bacteria demonstrated the high-
est resistance to the antimicrobial effect 
of nonwovens with silver. 

High activity was obtained for the ma-
jority of nonwovens with a electrostatic 
charge against bacteria (BL/e, BT/e, T/e, 
L/e) and for all nonwovens with a charge 
against fungi. The biocidal effects seem 
to result from the synergistic activity of 
the biocide and electric charge. The tests 
show that a charge present in nonwoven 
is largely responsible for the biocidal ef-
fect. This was confirmed by the good ef-
fects obtained for the WP1/e nonwoven, 
which has no silver in its composition. 
These observations mainly referred to  
E. coli, and , to a lesser extent, to S. aureus 

and A. niger, against which a very high 
biocidal activity of control nonwoven 
with an electric charge was noted. Such 
effects were not found for C. albicans. 
Therefore the electrostatic charge effect 
depends on the type of microorganism. 

However, nonwovens with a static charge 
are more effective only when an electric 
charge is present. After its loss (which 
occurs with time), the activity of such 
nonwoven is the same as that of non-
woven without an initial static electric 
charge. Therefore, the biocidal proper-
ties of non-charged nonwovens have 
higher practical significance, especially 
over a longer period of use, than those of 
charged nonwovens. 

Nonwovens with Ag/AgCl on BaSO4 and 
TiO2 carriers can be used for the elimi-
nation of bacteria and fungi; however, in 
case of fungi it shows a slightly weaker 
effect. It should be remembered that sil-
ver-containing nonwoven must interact 
with the bacteria for at least 8 hours to 
obtain a good antimicrobial effect. For 
this reason their use in long-acting filters 
in indoor ventilation and air-conditioning 
systems, as well in half-masks and filters 
in personal protective equipment could 
be recommended. 

The material presented in this paper is 
associated with the patent application 
of SI ZGODA ’Method of production 
of antibacterial filtrating nonwoven and 
antibacterial filtrating nonwoven” lodged 
in 2006 at the Polish Patent Office and 
registered under entry number P-377305.
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