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Introduction. In recent years, there has been a constant search for more advanced and environmentally friendly 
means for antimicrobial treatment of cellulose-containing tissues of various intended uses in the textile industry. 

Problem Statement. The problem of protection of textile materials and products from microbiological de-
struction is complex and multifaceted and needs to be solved. Today, one of the methods of protection is to provide 
textile materials with biocidal properties, which not only prevents the growth of bacteria, but can also ensure a 
high level of tissue safety. Therefore, we are faced with the task of finding new safe biocidal products.

Purpose. The research has been made to determine the level of safety of textile materials treated by biocidal 
substances with the thiosulfonate structure including Ethylthiosulfanilate, Methylthiosulfanilate and Allylthio-
sulfanilate. 

Materials and Methods. The fabrics of different chemical composition were used in the study, designed for the 
manufacture of overalls. New preparations of thiosulfonate structure were chosen for impregnation: ethylthiosul-
fanilate (ETS), methylthiosulfanilate (MTS) and allylthiosulfanilate (ATS). The presence of heavy metals and pes
ticides was determined by atomic absorption spectrometry with the use of a ZEENIT 650P spectrometer (Germany).

Results. It has been established that the detected level of heavy metals and pesticides in the studied textile ma
terials is insignificant and is within the regulatory requirements. It has been confirmed that the studied biocidal 
substances are low-toxic and environmentally friendly, because before and after treatment they did not change 
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the hygienic parameters of tissues. A method for imparting biocidal properties to textile materials for the manu-
facture of overalls, in particular by impregnating textile materials with an alcoholic solution of biocidal products, 
has been developed. Also due to this treatment, the water absorption of materials decreases by an average of 40%.

Conclusions. The treatment of textile materials with biocidal preparations of the thiosulfonate structure allows 
obtaining simultaneously two desired effects for these fabrics: the appropriate bioresistance and water resistance. 

K e y w o r d s : environmental responsible, heavy metals, biocides, hygienic properties, and thiosulfonates.

In recent years, textile industry specialists have 
been paying attention to the problem of determi
ning the level of environmental responsible and 
hygiene of clothing and other types of textile ma-
terials. Until recently, the demands of consumers 
and producers of textiles have been related to fa
shion, shape stability, ease of care and low cost. 
The negative influence of the textile material was 
not discussed or discussed last of all. 

However, publications on the negative effects of 
textiles on the human body are appearing increa
singly in the world scholarly research literature, 
also great attention is paid to textile materials 
with antimicrobial properties because textiles can 
contribute to the transmission of pathogens [1—6].

In particular, the issue about the development 
of antimicrobial fibers has been consider by the 
textile industry since 1941 (Hirschmann and Ro
binson 1941). 

In [1], it is shown the possibility of survival of 
60 bacteria strains including four species (Kleb-
siella pneumoniae, Acinetobacter baumannii, Sta
phylococcus aureus, and Enterococcus faecium) on 
untreated cotton textiles in clinically significant 
incubation periods. The antibacterial efficacy of 
the textiles treated with Sanitized T99-19 and Sa
nitized T27-22, which contain quaternary ammo-
nium salts (QAC) has been established. The men-
tioned samples have shown a high influence on the 
action of bacterial test cultures of the most of gram-
positive pathogens and ineffectiveness against 
multiresistant gram-negative bacteria (Escheri-
chia coli) [2].

As is known, organic antimicrobial reagents of 
both natural (chitosan, cyclodextrins and natural 
dyes) and synthetic origin (various Quaternary 
ammonium salts, triclosan, halogenated phenols 
and organometallic compounds) are used for the 

processing of cellulose textiles. The interaction 
between cellulose and antimicrobial reagents, me
chanisms of their biological action and the influ-
ence of various factors on the biocidal activity of 
textile carriers are illustrated by researchers in 
the work [3]. In order to improve durability and 
mechanical properties of textiles it is need to con-
duct a preliminary activation of its cellulose com-
ponent or to use linker agents. As antimicrobial 
agents it is advisable to use environmentally 
friendly compounds of prolonged action, in par-
ticular resistant to hygienic care [3]. 

The effect of biocides 3-methylol-2,2,5,5-te-
tramethylimidazolidinone (MTMIO) and 1,3-di
methylol-5,5-dimethylhydantoin (DMDMH) and 
their compositions in various ratios for chemical 
modifications of cellulose was studied by Califor-
nian researchers. The use of such compositions 
for cellulose treatment improves the strength and 
stability of biocidal functions of tissues treated 
with these preparations, in addition, these tissues 
can withstand repeated washing and long shelf 
life [4].

Another achievement in this direction is cyclo-
dextrins, which are widely used for tissue proces
sing, because due to their unique chemical struc-
ture they exhibit the good absorption capacity, 
namely, they form inclusion complexes with dif-
ferent antimicrobial and other biologically active 
substances. Therefore, this is undoubtedly impor
tant to provide textiles with antimicrobial pro
perties in further studies [5, 6].

Many compounds with a wide spectrum of an-
timicrobial attributes, high bactericidal and fun-
gicidal activity [7] have been found among thio-
sulfonates of the general formula RSO

2SR‘, which 
are close to structural analogues of natural phy
toncides including garlic Allium sativum, Allium 
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cepa onion, various types of cabbage, especially 
cauliflower [8, 9].

The synthetic thiosulfonic acid esters are 
known to exhibit a wide range of biological acti
vity, which often exceeds the efficiency of natu
ral analogues. Some of them are offered as effec-
tive antifungal substances, promising perspective 
substances of another direction, preservatives of 
fruits and vegetables, effective remedies for plants, 
growth regulators, biocidal additives and insec
ticides. Esters of thiosulfonic acids are effective 
sulfenylating reagents in organic synthesis, ha
ving valuable properties for solving the complex 
problems of molecular biology and biochemistry 
[7, 10—11].

But today, the searching of the new environ-
mental ways for providing antimicrobial proper-
ties to textile materials does not lose its relevan
ce, despite the existence of numerous studies in 
this field.

The textile materials can be a source of nega-
tive effects of chemicals complex during produc-
tion. For example, dyes, compounds, and prepara-
tions containing heavy metals are used to decorate 
and provide textiles with specific properties. Their 
application not only reduces the level of environ
mental friendliness of the product, but also adver
sely affects the environment. These substances can 
be complex multi-component systems, which are 
not always completely removed from products and 
materials at different stages of the technological 
process. During the operation of clothing under 
the influence of various factors products of dest
ruction can be also released into the clothing spa
ce, which in turn adversely affects the human bo
dy, causing various biological effects [12, 13].

All over the world, much attention is paid to 
the development of various methods for obtai
ning and studying the antimicrobial properties of 
textile materials and their safety. Therefore, the 
issue of creating environmentally friendly textile 
materials with antimicrobial properties resistant 
to wet treatments, washing, and solar insolation 
when the textiles are used in real conditions [14—
16], remains quite relevant. Given these facts, it 

is obvious that textile products require a great at-
tention to quality and safety.

In Ukraine, ecological safety of textile pro
ducts is defined in the framework of the draft 
CMU Resolution on Approval of the Technical Re
gulation on Environmental Criteria for the Eco-la-
beling of Textile Products as strategic directions 
and tasks for the implementation of state policy 
in the field of environmental protection, preser-
vation of the health of the state population.

Also, in 2013, the State Sanitary norms and 
rules “Textile, leather and fur materials and pro
ducts” came into force. The basic hygiene require-
ments were developed for harmonization of do-
mestic standards with the standards of the Inter-
national Association for Research and Testing in 
the field of Textile Ecology (OECO-TEX). 

The basic hygiene requirements are divided in
to groups:
	rationing of chemicals in products;
	rationing of indicators such as hygroscopicity, 

air permeability, specific surface electric resis-
tance and pH level;

	normalization of harmful substances and their 
migration from the products into the human bo
dy and the environment (the content of free for
maldehyde and formaldehyde which is able to 
partially excrete, residues of heavy metals able 
to extract, pesticide content, the content of pen
tachlorophenol, azo dyes and organochlorine car
riers, the presence of odor, etc.) [16].
The natural fiber fabrics provide excellent con-

ditions for the development and growth of micro-
organisms through the ability to retain moisture 
and microbial enzymes that can easily hydrolyze 
polymer bonds. Cellulose is known throughout 
the world as the most common, renewable and al-
most inexhaustible polymeric material with an 
exciting chemical structure and properties. Con-
sequently, cellulose polymer is characterized by 
its chirality, high functionality, biodegradation, 
the ability to broadly chemical modification and 
the formation of universal semi-crystalline fibers. 
Therefore, the functionalization of cellulose tex-
tiles is the aim of researchers [15—18]. 
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Consequently, the study of environmental sa
fety of cellulosic textile materials with antimicro-
bial properties, obtaining new data on the protec-
tive properties of such materials, expanding their 
scope of application used to be urgent scientific 
tasks with a great practical importance. 

The need of development of new biocidal ma-
terials with antimicrobial properties is caused by 
the changing general biological resistance of the 
human body. Studies show that there are new 
types of microorganisms which are resistant to 
most antimicrobial agents. Also pathways, modes 
of transmission and the duration of their lives are 
changing [11, 12, 19—21].

The purpose of the research is to develop the 
antimicrobial textile materials with the use of bio
cide compounds of the thiosulfonate structure such 
as Ethylthiosulfanilate (ETS), Allythiosulfanila
te (ATS), Methylthiosulfanilate (MTS) prepara-
tions, study their properties and environmental 
safety in order to use it in seaports and docks. 
These biocidal preparations are tested and effec-
tively used as biocides to protect paintwork ma-
terials, component of anticorrosive composition 
for pipelines of circulating water supply systems, 
petroleum products, building materials and const
ructions, algaecides for surface protection, pac

kaging materials, for sterilization of culture fluid 
in biotechnological manufactures [22—23]. To our 
knowledge ETS, MTS, ATS preparations were used 
firstly to produce environmentally friendly fab-
rics according to international indices of safety. 

Collection of textiles. The object of our research 
was cotton and cotton polyester fabrics produced 
by Toctals Fabrics and Ten Cate Protect, respecti
vely (Table 1). All samples of fabrics are treated by 
the new species of biocidal preparations posses
sing thiosulfonate structure, which plays an im-
portant role in ensuring safe working conditions 
in various industries, as well as in seaports and 
docks. The main functions of such clothes are the 
preservation of human health, the creation of fa-
vorable conditions for high working efficiency in 
aggressive conditions, protection against the nega
tive influence of the environment, fungal and bac
terial microflora. 

The biocide preparations. To protect cellulose-
containing textile materials and clothing products 
from the negative effects of fiber-destroying and 
pathogenic microorganisms, we selected new bio-
cidal preparations having the thiosulfonate struc-
ture: Ethylthiosulfanilate (ETS), Allylthiosulfa-
nilate (ATS), Methylthiosulfanilate (MTS), which 
exhibit a wide spectrum of antimicrobial activity, 

Fig. 1. The synthesis of used thiosulfonates

NHCOR

SO2Cl SO2SNa
2 (a, b) 4 (a—c)1 (a, b) 3

SO3SNa

R1 = CH3 (a), C2H3 (b), C3H5 (c)R = CH3 (a), OCH3 (b)

SO2SR1

R1Br, (CH3O)2SO2

NCOR NH2 NH2

NaOHNa2S

Table 1. Properties of the Studied Textile Materials

Sample 
number

Fibrous composition, %
Surface 
density,

g/m2

Density, P, the number of 
threads per 10 cm

Linear density of threads, 
T, tex Type of coloring

Warp Weft Warp Weft

1 Cotton, 100 245 307 292 49 38 smooth-dyed
2 Cotton-polyester, 50/50 245 292 220 42 25 smooth-dyed
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are non-toxic, and can be used for antimicrobial 
protection in various industries. 

These thiosulfonates are synthesized at the De
partment of Technology of Biologically Active Com
pounds, Pharmacy and Biotechnology in the Lviv 
Polytechnic National University in accordance 
with Fig. 1 [22, 23].

Indicators of the minimum concentration of 
thiosulfonate biocidal preparations for fungicidal 
(A) and fungistatic (B) treatment of cotton-po
lyester cloths for their protection against biode-
struction by fibrous and pathogenic microorgan-
isms are presented in Table 2.

Methods. In order to determine the environ-
mental quality of textile materials treated with 
biocidal preparations content of toxic substances, 
heavy metals, pesticides, measurements have been 
made at the Kovalevsky Institute of Biology of the 
Southern Seas of the NAS of Ukraine (Odesa) and 
at the laboratory of chemical analytical research 
of the Ukrainian R&D Center of Ecology (Ode-
sa) under the Ministry of Ecology and Natural Re
sources of Ukraine. 

Antimicrobial treatment of cotton-polyester 
cloths was carried out at the Analytical and Re-
search Testing Laboratory Textile-TEST, Kyiv (Kyiv 
National University of Technology and Design). 
Samples of tissues were treated by water alcohol-
ic solution (60/40) of ETS, MTS and ATS prepa-
rations in padding dyer at room temperature 
(18—20 °C) and relative humidity of the air 63—
65%. Subsequently, these test specimens were pres
sed with the use of padding dyer to a residual mois

ture content of 6—8% and dried at 75, 60 and 50 °C. 
The minimum concentration of ETS, MTS and 
ATS in water alcoholic solutions was 0.5%. Be-
fore all determinations of textile quality, fabric 
samples were being dried for 5—7 min.

The concentrations of heavy metals were de-
tected by atomic absorption spectrometry (AAS) 
with the help of spectrometer ZEENIT 650P (Ana
lytik Jena AG, Germany) including separation/
preconcentration procedures, solid phase extrac-
tion and coprecipitation. The principle of the spect
rometer functionality was based on atomization 
of the test sample, measuring the optical density 
of the atomic vapor and further determining the 
mass concentration of the elements to be determi
ned with the use of calibration curves. All chemicals 
were purchased in Merck (Darmstadt, Germany). 

Another way of detection of heavy metals in tex
tiles was Wet Digestion Procedure (WDP) descri
bed by Sungur Ş. and Gülmez F. [24] with the help 
of MP-AES Analysis. The method was provided by 
Agilent 4200 MP-AES (Agilent Technologies, USA). 

The pesticide content and the toxic substances 
are determined with the help of Agilent 4200 MP-
AES (Agilent Technologies, USA). Also a detector 
was used to capture electrons (a temperature rise of 
1.2 °C per min). The content of organic solvents 
(benzene, toluene, and xylene) was determined 
based on the equilibrium concentration of the va-
por phase.

The odor intensity of fabrics was determined 
by 6 experts at the laboratory of sensory analysis 
in the Odesa National Academy of Food Techno

Table 2. Minimum Concentration of Thiosulfonate Preparations for Fungicidal (A)  
and Fungistatic (B) Treatment of Cotton-Polyester Fabrics

Country

Minimum concentration, %

ЕТS МТS АТS

А B А B А B

Trichoderma viride 0.055 0.006 0.055 0.012 0.025 0.012
Aspergillus niger 0.055 0.0185 0.05 0.008 0.05 0.008
Penicillium funiculosum 0.0185 0.006 0.0185 0.006 0.0185 0.006
Paecilomyces variotii 0.0185 0.006 0.0625 0.003 0.625 0.003
Chaetomium globosum 0.055 0.006 0.055 0.006 0.12 0.03
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logies. The intensity of smell is determined based 
on the five-point scale (Table 3). 

The chemical research takes into account that 
the main pollutants are bismuth, cadmium, co-
balt, manganese, copper, zinc, nickel, mercury, lead, 
antimony, chromium, among which lead, mercury 
and cadmium are global the first class of danger 
pollutants for the environment. They can remain 
on the surface or in the structure of textile mate-
rial, which also affects the human body, causing va
rious biological effects (allergens, skin irritants) 
with different duration of action and the time of 
detection [25]. The heavy metals can accumulate 
in bones and various organs, causing their dys-
function. They can also help to eliminate the bene
ficial elements from the organism such as magne-
sium, calcium and others. High concentration of 
heavy metals in the organism can lead to the follo
wing diseases: cancer, acute and chronic renal in-
sufficiency, autism, fetal death, cardiovascular and 
nervous system diseases, metabolic disorders [30].

In addition, raw materials and products of na
tural origin are treated with fungicides and insec-
ticides against the destructive action of microor-
ganisms, moths, rodents during storage of textile 
materials and clothing in warehouses and trans-
portation. Moreover, the heavy metals have par-
ticular hygienic significance which can also con-
taminate textile materials and clothing as a result 
of the use of dyes, the specifics of technological 

processes, due to contamination of the ecosystem 
[27]. The content of heavy metals in fabrics de-
termined with the help of WDP is presented in 
Table 4.

Copper (26.3—26.4 mg kg−1) was detected in the 
highest concentrations in cotton-polyester fab
rics (Samples No. 2). Also higher content of Chro
mium (1.29—1.30 mg kg−1) was determined in all 
cotton-polyester textiles in comparison to samp
les of cotton fabrics. The levels of Arsenic and Mer
cury were found to be considerably less than the 
values demanded by Oeko-Tex. However, all con-
centrations of heavy metals in extract of 0.07М 
HCL were determined to be within the normal 
limits.   

The content of heavy metals in the studied fab-
rics measured with the use of AAS is shown in 
Table 5. 

Table 4. Effect of Biocide Treatment on the Presence of Heavy Metals in Fabrics

Metals 

Requirements 
of Oeko-Tex 

Standard [28], 
at most, µg kg–1 

Metal content,  µg kg–1

Sample №1 Sample №2

Without 
treatment

ЕТS МТS АТS
Without 

treatment
ЕТS МТS АТS

Co (Cobalt) 4.0 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Cr (Chromium) 2.0 0.54 0.535 0.58 0.537 1.30 1.296 1.30 1.29
Cu (Copper) 50.0 8.84 8.84 8.83 8.84 26.3 26.3 26.4 26.4
Ni (Nickel) 4.0 0.38 0.348 0.35 0.348 0.195 0.196 0.195 0.194
Pb (Lead ) 1.0 0.41 0.406 0.045 0.406 0.384 0.379 0.384 0.384
Cd (Cadmium) 0.1 0.045 0.045 0.045 0.045 0.070 0.070 0.070 0.070
As (Arsenic) 1.0 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Hg (Mercury) 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Table 3. Odor Scale  

Score Patents in n

0 absent odor that is not detected by any expert
1 barely noticeable odor that is detected by experts ha

ving the most sensitive organs of senses
2 faint odor that is detected by experts  if they aimed 

at its definition
3 pronounced odor that is detected by experts if they 

do not pay attention to it
4 powerful odor that is detected by experts easily  

5 heavy odor that is detected by experts without smelling 
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The total content of Copper (40.2—40.3 µg kg-1) 
in cotton-polyester fabrics (Sample №2) was the 
highest among another metals as well as concent
ration of it found in extract of 0.07М HCL. Also 
in accordance with literature values of heavy me
tals in different cotton fabrics the less content of 
Copper was detected, especially: 0.28—0.84 µg kg-1, 
0.26—0.78 µg kg-1 [29], 0.05—0.21 µg kg-1 [30]. 
However, in study [31] concentration of Copper 
was three times higher in comparison with the 
results of our research (until 340 µg kg-1). Lead 
was detected in the less concentration (0.413—
0.454 µg kg-1) in all fabrics of the present research 
in comparison with the results of another research 
(1.23—1.83 µg kg-1). In the studied fabrics, all con
centrations of other heavy metals (Sample No.1 
and No.2) were determined identically, by cont

rast to ones without treatment. Arsenic and Co-
balt contents were not detected according to me
thod of AAS. 

According to data shown in Table 4 and 5 the 
concentrations of heavy metals in the studied 
textile materials treated by ETS, MTS, and ATS 
preparations were virtually the same in compari-
son with samples of fabrics without treatment and 
met the requirements of international standard. 
Obtained results proved that biocide preparations 
are non-toxic and its use in textile industry does 
not lead to danger to human health or life. 

Organochlorine pesticides in textiles. In order to 
increase yields, in the traditional method of culti
vating raw materials for textiles, not only fertili
zers, but also large amounts of insecticides are 
utilized. Approximately 10% of all pesticides used 
in the world are in cotton-growing areas. Due to 
active irrigation, these substances penetrate into 
groundwater, which leads to the risk of contami-
nation for local sources of drinking water and 
soils. Approximately 10% of them remain in the can

Table 5. Total Content of Heavy Metals in the Studied Fabrics

Metals
Sample No.1, µg kg–1 Sample No.2, µg kg–1

Without treatment ЕТS МТS АТS Without treatment ЕТS МТS АТS

Cr (Chromium) 1.01 1.00 1.00 1.00 1.37 1.37 1.37 1.37
Cu (Copper) 10.9 10.9 10.89 10.87 40.2 40.2 40.2 40.3
Ni (Nickel) 0.372 0.371 0.370 0.372 0.5 0.034 0.036 0.036
Pb (Lead ) 0.454 0.454 0.453 0.453 0.416 0.42 0.413 0.416
Cd (Cadmium) 0.083 0.083 0.082 0.083 0.084 0.086 0.081 0.082
Hg (Mercury) 0.018 0.017 0.018 0.018 0.012 0.012 0.012 0.012

Table 6. Influence of Biocide Treatments  
on the Content of Organochlorine Pesticides

Influence 
of Biocide 

Treatments 
on the Content 

of Organochlorine 
Pesticides

Requirements 
of standard [28], 

µg kg–1, 
not more

The content of 
organochlorine pesticides 
in tissue samples, µg kg–1

Sample 
No.1

Sample 
No.2

DDT 1.0 <0.1 23.0
DDD 1.0 0.05 5.6
DDE 1.0 2.8 <0.1
Heptachlor 0.5 7.40 <0.1
Lindan (γ-HCH) 1.0 0.28 <0.1
(α-HCH) 1.0 <0.1 <0.1
(β-HCH) 1.0 <0.1 <0.1
Dieldrin  0.2 <0.1 <0.1
Aldrin 0.2 <0.1 <0.1

Table 7. Odors of the Studied Samples of Textile Materials

Type of treatment 
Evaluation of samples, scores

Sample No.1 Sample No.2

Without treatment 1 — without odor  1 — without odor  

ЕТS
2 — faint odor of 
garlic

2 — faint odor of 
garlic

МТS
2 — faint odor of 
cabbage 

2 — faint odor of 
cabbage

АТS 2 — faint odor of 
garlic and onion 

2 — faint odor of 
garlic and onion



Innovative Approach to the Creation of Textile Materials with Antimicrobial Properties

ISSN 2409-9066. Sci. innov. 2021. 17 (3) 63

vas and can lead to the development of skin di
seases and allergic reactions. 

Influence of biocide treatments on the content 
of organochlorine pesticides with mean values is 
presented in Table 6.

Heptachlor was found in the highest concent
ration (7.40 µg kg–1) in cotton fabric samples from 
comparative to ones from cotton-polyester. It is 
associated with presence of Heptachlor in soil 
that contributes to its content in cotton plant du
ring growing [30]. Heptachlor is highly effective 
in controlling insects thereby it is used for plants 
but now in the lowest concentrations according 
to statements of Stockholm Convention on Per-
sistent Organic Pollutants. The content of DDE 
(2,8 µg kg–1) also was detected higher than stan-
dard norm that is associated with agricultural use.  

Study of textile odors. After treatment by ETS, 
MTS and ATS preparations fabrics had special 
odors. The results of odor studies are presented in 
Table 7. 

All fabric samples differed by the biocide prepa
ration used. The faint odor of garlic is found in tex
tiles treated by ETS preparation, while faint odor 
of cabbage is reported for textiles treated by MTS 

preparation and faint odor of garlic and onion 
was a characteristic for textiles treated by ATS. 

Toxic substances in textiles. An important cha
racteristic of textile materials is their ecological 
cleanliness, namely the absence of toxic substan
ces, and, accordingly, the threats to consumers’ 
health. The results of the presence of toxic subs
tances in textile materials for the production of 
overalls are shown in Table 8. 

The content of formaldehyde in the studied tex
tile materials was within the normal limits, and 
other toxic substances were not detected at all. 
The concentrations of formaldehyde in Chinese cot
ton textiles are higher by several times (89.6 µg kg-1, 
72.3 µg kg–1) in comparison with our values, even 
for different methods of its determination. Such 
fact means that using of biocide preparations for 
textiles is safe to human life. 

Study of the hygienic properties of textiles. Hyg
roscopicity of textile materials is characterized by 
their ability to adsorb and desorb hygroscopic and 
capillary moisture during changing of environ-
mental conditions. It is known that hygroscopici
ty depends on the fiber composition of the product, 
the structure of the material and the operating 
conditions of the product. Influence of biocide treat
ment of studied materials on change of their hy-
gienic properties is presented in Table 9.

The analysis of the obtained results showed 
that the biocidal treatment of the studied cellu-

Table 9. Effect of Biocide Treatment of Studied  
Materials on Change in Their Hygienic Properties

No. Samples
Hygro-

scopicity, 
%

Water 
Resistance, 

Pa

Water 
absorption, 

% 

1 Without treatment 8.5 0 33.7
ЕТS 8.5 760 15.6
МТS 8.4 750 20.9
АТS 8.4 750 20.5

2 Without treatment 7.0 0 29.7
ЕТS 7.2 600 12.3
МТS 7.0 590 13.5
АТS 7.0 590 14.2
Aldrin 0.2 <0.1 <0.1

Table 8. Results of Chemical Analysis of Textile Materials  
on the Presence of Toxic Substances

Toxic 
substances

Requirements 
of standard [28], 

µg kg–1, not 
more

Measured value, µg kg–1

Sample No.1 Sample No.2

Formaldehyde 0.05 <0,02 <0,01
Hexamethyle- 
nediamine 0.01 not detected not detected
Caprolactam 1.0 not detected not detected
Propyl alcohol 0.25 not detected not detected
Isopropyl 
alcohol

0.25 not detected not detected

Butyl alcohol 0.1 not detected not detected
Isobutyl 
alcohol

0.15 not detected not detected

Benzene 0.5 not detected not detected
Toluene 0.5 not detected not detected
Xylene 0.05 not detected not detected

Acetone 2.2 not detected not detected
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losic textile materials leads to increasing of their 
hygienic parameters associated with keratolytic 
action and insoluble properties of used prepara-
tions. The protective layers are lipophilic, that al
so prevents the penetration of water. Particularly 
high effect was achieved in samples of textile ma-
terials treating by ETS as made from cotton as 
well from cotton-polyester.

In general, the results of studies on the provi-
sion of antimicrobial properties with new low to
xic biocidal substances of the ETS, MTS and ATS 
suggest that the treatment with these prepara-
tions allows obtaining at the same time two desi
red effects on these tissues (appropriate bio resis
tance and water resistance) and improving their 
environmental safety, in general.

Consequently, according to the results of the 
research, samples of cotton and cotton-polyester 
textile materials treated with new types of bioci
dal preparations met the criteria for human health 
safety. Also the present study has confirmed that 

the biocidal substances of the ETS, MTS and ATS 
are low-toxic and environmentally safe, because 
during treatment with them, the hygiene indi-
ces of tissues have not changed. In addition, thio-
sulfonate biocides do not increase the content of 
heavy metals, pesticides and other toxic substan
ces used in the cultivation of cotton plant and the 
production of textiles and can be recommended 
for the provision of antimicrobial properties to 
textiles.

Further research. In order to improve the met
hod for applying thiosulfonate biocide compounds 
to textile materials, it is advisable to develop high-
ly stable nanosize water oligomer systems with 
thiosulfonates [32, 33] as well as to improve the 
method for providing textile materials with anti-
microbial properties and to ensure their stability 
and durability. The obtained results may be the 
source data for the development of scientifically 
substantiated requirements in the production of 
clothing for special and technical purposes.
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ІННОВАЦІЙНИЙ ПІДХІД ДО СТВОРЕННЯ ТЕКСТИЛЬНИХ  
МАТЕРІАЛІВ З АНТИМІКРОБНИМИ ВЛАСТИВОСТЯМИ

Вступ. У текстильній промисловості постійно ведеться пошук більш досконалих та екологічних засобів для анти
мікробної обробки целюлозовмісних тканин різного цільового призначення.

Проблематика. Проблема захисту текстильних матеріалів та виробів від мікробіологічної деструкції складна та 
багатогранна і потребує рішення. На сьогодні одним із способів захисту є надання текстильним матеріалам біоцид-
них властивостей, що не тільки запобігає розвитку бактерій, а й може створити високий рівень безпечності тканин. 
Зважаючи на заначене, постає задача пошуку нових безпечних біоцидних препаратів.  

Мета. Визначити рівень безпечності текстильних матеріалів, оброблених біоцидними речовинами тіосульфонат-
ної структури.

Матеріали й методи. Використано тканини різного хімічного складу, що призначені для виготовлення спецодягу. 
Для просочування було обрано нові препарати тіосульфонатної структури: етилтіосульфанілат (ЕТС), метилтіосуль
фанілат (МТС) та алілтіосульфанілат (АТС). Наявність важких металів та пестицидів визначали методом атомно-
абсорбційної спектрометрії із застосуванням спектрометру ZEENIT 650P (Німеччина). 

Результати. Встановлено, що виявлений рівень важких металів та пестицидів у досліджуваних текстильних мате-
ріалах незначний та знаходиться у межах нормативних вимог. Підтверджено, що досліджувані біоцидні речовини є 
малотоксичними й екологічно безпечними, оскільки до та після обробки ними гігієнічні показники тканин не зміни-
лися. Розроблено спосіб надання біоцидних властивостей текстильним матеріалам для виготовлення спецодягу, зок
рема шляхом просочування текстильних матеріалів спиртовим розчином біоцидних препаратів. Також завдяки такій 
обробці водопоглинання матеріалів знижується в середньому на 40 %.

Висновки. Обробка текстильних матеріалів біоцидними препаратами тіосульфонатної структури дозволяє отри-
мати одночасно два бажані ефекти для цих тканин: біо- та водостійкість. 

Ключові  слова : екологічна безпека, важкі метали, біоциди, гігієнічні властивості, тіосульфонати.


