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Research of safety of flax fibers 
for products of medical and 
sanitary-hygienic appointment

Досліджено нормативно-технічну документацію, в якій регламентуються вимоги щодо без-
печності лляного волокна. Доведено необхідність перегляду нормативів щодо вмісту хімічних 
елементів у лляному волокні та застарілої нормативної бази. Визначено, що критеріями нор-
мування є гранично допустимі концентрації всіх хімічних елементів, які можуть потрапляти  
з ґрунту та накопичуватися у лляному волокні.

Ключові слова: гранично допустимі концентрації, класи небезпеки, важкі метали в льоні, без
печність лляного волокна.
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1. I ntroduction

An important problem today is the protection of human 
health from influence of harmful factors. Significant role in this 
problem play textile products made from organic raw materials. 
The production of such products in Ukrainian enterprises 
in the absence of their own cotton depends on foreign raw 
materials, and not always of adequate quality. Therefore, it 
is advisable to use for this purpose own raw materials, in 
particular flax fiber, which has unique medical and sanitary-
hygienic properties. Flax fiber textiles have the ability to:

–	 suppress vital activity of microflora;
–	 compatibility with living biological objects, caused 
by the use of surgical threads from flax for the ap-
plication of internal seams;
–	 stop bleeding and anti-bedsore effect;
–	 beneficial effect on the thermoregulatory mechanism 
of the body;
–	 absorption of free radicals;
–	 beneficial effect on human immunity and skin;
–	 absorption of soft ionizing radiation and reduction 
of static electricity [1–6].
These properties are due to the chemical structure 

and composition of the fiber, in particular the presence of 
various microelements in it [7]. However, in the current 
regulatory documents, the chemical composition of flax 
fiber and its impact on quality indicators are not regu-
lated. The concentration of chemical elements in the fiber 
is not standardized, which in the future can influence on 
its use for the manufacture of products. In this regard, 
relevant studies are aimed at analyzing existing regulatory 
documents regulating the quality and safety of fibers and 
finding ways to develop requirements for safety indicators 
in accordance with the scope of application.

When developing recommendations, it is necessary to 
take into account the unique property of flax to accumu-
late trace elements from the soil in the tissues, including 
heavy metals, which can adversely affect the human body.

2. �T he object of research and  
its technological audit

The object of this research is the process of develop-
ment of regulatory documents on the safety of flax fiber of 

medical and sanitary-hygienic appointment. This research 
should be carried out taking into account the unique pro
perties of flax, which are due to its chemical composition 
and structure. In particular, the stability of flax fiber to 
physical and chemical influences is due to the presence of 
cellulose in it and the degree of its ordering. Due to the 
presence of non-cellulose impurities, the fibers are charac
terized by increased resistance to moisture, temperature, 
microorganisms, and light. Due to the great possibilities 
of adaptation to changes in the chemical properties of the 
environment, flax accumulates microelements in its tissues, 
including heavy metals, the combined presence of which 
is the cause of medical and sanitary-hygienic properties.

One of the most problematic tasks in this process is 
the establishment of requirements for the content of heavy 
metals in the fiber. It is advisable to take into account 
not only the content of each individual chemical element, 
but also their total impact on safety.

3. T he aim and objectives of research

The aim of research is improvement of regulatory docu-
ments on the basis of proposals to regulate the safety of 
flax fibers.

To achieve this aim it is necessary:
1.	 To analyze the existing regulatory documents, which 

regulate requirements for fiber.
2.	 To formulate recommendations for safety of flax fibers.

4. �R esearch of existing solutions of the 
problem

Among the main directions of solving the research 
problem, factors that form a level of textile safety can 
be singled out. In particular, works [8, 9] point to the 
need to develop regulatory documents, which regulates 
the requirements for safety, methods, and criteria for re-
search. However, the unique properties of flax fiber, its 
chemical composition and the total influence of chemi-
cal elements on the formation of medical and sanitary-
hygienic properties are not taken into account. Similar 
conclusions are drawn in work  [10] on the development 
of modern, fundamentally new methodological approaches 
to analysis, hygienic criteria and regulations, as well as  
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their harmonization with international standards. The authors  
proposes to develop the state sanitary norms and rules, 
which will take into account the hygienic control of the 
quality components of chemical factors that can cause harm 
to health. These proposals relate mainly to clothing, in-
cluding children’s clothing. In [11], the distribution of 
heavy metals along the axis of the flax plant is analyzed 
in order of decreasing concentration: root, stem, leaves, 
seeds and it is proposed to use it for soil purification from 
heavy metals. Similar studies are carried out in [12] and 
protocols are developed for determining the characteristics 
of elements and determining the toxic metals in flax fiber.

The authors of [10–17] analyze the methods of us-
ing flax fiber for medicine, taking into account its anti-
microbial properties, the ability to absorb moisture, and 
mechanical properties.

Thus, the results of the analysis show the need to 
choose the most appropriate solution, which must take 
into account the properties of flax fiber products of medi-
cal and sanitary-hygienic appointment.

5. M ethods of research

Total investigation of flax fiber safety is a laborious 
process. Therefore, the method of analyzing regulatory 
documents is chosen. In particular, the traditional, clas-
sical analysis aimed at interpreting the information that 
is available in the current regulatory documents.

At the same time, one of the traditional analyzes is 
used – internal, aimed at analyzing the document, taking 
into account the safety requirements for flax fiber. The 
selection of criteria for assessing the safety of flax fiber 
is associated with its likely features in accordance with 
hygienic and toxicological requirements.

6. R esearch results

The necessity to form the Ukrainian market of medical 
and sanitary-hygienic products made from flax fiber is con-
ditioned by the availability of own raw materials [18, 19]. 
Recently, in addition to long-stalked flax for this purpose, 
scientists propose to use oil flax  [20,  21]. Given that 
such products have direct contact with human skin, the 
question arises about their safety. The ability of flax to 
accumulate microelements from the soil dictates the need 
to test the soils for the presence of heavy metals in them, 
which come with fertilizers and pesticides. At the same 
time, there is a need to develop acceptable levels for these 
elements in products made from it. Accumulation of heavy 
metals can adversely affect both the quality indicators of 
flax fiber, and negatively affect the human body.

In accordance with GOST  17.4.02-83 «Protection of 
nature. Soils. Classification of chemical substances to 
control pollution»  [22], it is necessary to take into ac-
count hazard class of chemicals for the control of chemical 
substances into soil:

–	 class 1 – highly hazardous substances (arsenic, cad-
mium, mercury, selenium, lead, zinc, fluorine);
–	 class  2 – moderately hazardous substances (boron, 
cobalt, nickel, molybdenum, copper, antimony, chromium);
–	 class  3 – low hazardous substances (barium, vana-
dium, tungsten, manganese, strontium).
Despite the fact that this regulatory document is out-

dated and needs to be replaced, there are valid today. 

In accordance to this document, it is necessary to check 
a  presence of hazardous chemical elements that may ab-
sorbed from the soil by linen raw materials.

Most manufacturers today use the international standard 
Oeko-Tex Standard  100  [23], taking into account the con-
sumers’ desire to receive environmentally friendly products. 
This standard limits the use of certain chemicals – antimony, 
arsenic, lead, cadmium, chromium, cobalt, copper, nickel, and 
mercury in textiles. The pH of the aqueous extract and the 
maximum permissible concentration of formaldehyde are also 
normalized. However, this standard does not take into account 
the division into hazard classes  (as in GOST  17.4.02-83) 
and verification for the presence of hazardous chemicals in 
this standard. In addition, in accordance with Oeko-Tex 
Standard 100, all textile materials are divided into groups:

–	 children’s assortment;
–	 products, most of which are in contact with the 
skin of a person;
–	 products that do not contact the skin of a person;
–	 products that are used in everyday life, public places, 
transport.
At the same time, the standard does not take into account 

products of medical and sanitary-hygienic appointment.
Taking into account the requirements of the State sani-

tary norms and rules «Textile, leather and fur materials 
and products. Basic hygienic requirements» [24], raw ma-
terials for the manufacture of textile materials should not 
contain in their composition chemical compounds that are 
related to the first class of danger. However, substances 
that belong to this class are not standardized: selenium, 
zinc, fluorine.

Given the ability of flax to accumulate trace elements 
from the soil, including highly hazardous substances, the 
task is to revise the standards for the content of these 
substances in flax fiber and products made from it. When 
developing these standards, it is necessary to take into 
account the maximum permissible concentrations of all 
elements and their influence on each other. 

It is important to take into account both the enhance-
ment and the weakening of the joint action of heavy 
metals. Such counteraction for flax means that the total 
effect of several elements may be less than the sum of the 
individual elements [25, 26]. This fact is explained by the 
ability of one element to delay or stimulate the action 
of others. This process is changing and is controlled by 
many factors, including genetic, biochemical and physio
logical and requires additional research [27, 28]. Thus, the 
total negative effect of flax contamination by heavy metals 
depends not only on the set and level of the content of 
specific elements, but also on the characteristics of their 
mutual influence.

To develop a criterion for assessing the safety of flax 
fiber, it is advisable to take into account all factors. When 
calculating the maximum permissible concentrations of heavy 
metals in flax fiber, it is necessary to take into account:

–	 the total effect of all chemical elements in the ab-
sence of mutual influence on each other;
–	 interaction, which leads to mutual reinforcement 
of the action of all or one element. As a result, an 
increase in the level of danger of these elements;
–	 interaction, which leads to mutual weakening of the 
action of all or one element. The result is an increase 
in the value of the maximum permissible concentra-
tions and an increase in safety.
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7. S WOT analysis of research results

Strengths. Among the strengths of this research should 
be noted proposals for regulation of chemicals in flax fiber, 
taking into account its properties and in accordance with its 
purpose. The benefits of this statement are the results of an 
analysis of regulatory documents in which these requirements 
are absent. The use of recommendations for development of  
a criterion for the safety of flax fiber makes it possible to solve 
the problem of providing by medical and sanitary-hygienic 
products made from Ukrainian raw materials. Criteria for 
the normalization are the maximum permissible concentra-
tion of chemical elements, either individually or together, 
that are available in the fiber. This will help:

–	 increasing the requirements for fiber safety;
–	 minimization of the emergence of dangerous textile 
products on the Ukrainian market, the production of 
which spends considerable resources.
Weaknesses. The weaknesses of this research are re-

lated to the complexity of identifying chemical elements, 
including heavy metals. The reason for this is a need to 
use high-precision experimental research using modern 
analytical devices, which in many cases is inaccessible. 
To eliminate this problem, there is a need to develop an 
accessible method for determining the content of chemical 
elements in flax fiber. Negative factors of research are:

–	 increase in production time;
–	 increase in the cost of production, associated with 
additional research.
Opportunities. Additional opportunities that achieve 

the aim are based on the revision of obsolete standards 
of the former Soviet Union and development of a modern 
methodology for determining the chemical composition 
of flax fiber. This is how the problem of the safety of 
raw materials of Ukrainian production of medical and 
sanitary-hygienic appointment can be solved. In this case, 
the studied recommendations can be the basis for deve
lopment of new regulatory documents. The use of recom-
mendations in assessing the safety of flax fiber will help 
expand the range of Ukrainian products of medical and 
sanitary-hygienic appointment.

In subsequent works, the authors will give the results 
of an assessment of the safety of flax fibers in accordance 
with these recommendations.

Threats. The threats associated with the implementation 
of these recommendations are due primarily to insufficient 
funding for the development of new regulatory documents. 
This problem can be solved by providing budgetary finan
cing and the means of concerned organizations.

Thus, SWOT analysis of research results allows to 
determine the main directions for the successful achieve-
ment of the aim of research. Among them:

–	 regulation of chemical elements in flax fiber of medi-
cal and sanitary-hygienic appointment;
–	 development of methods for determining the content 
of chemical elements;
–	 revision of obsolete standards;
–	 financing of the development of new regulatory 
documents.

8. C onclusions

1.	 The existing regulatory documents on the safety of 
flax fibers are analyzed taking into account the division 

of textile materials into groups and hazard classes. It is 
established that special attention to safety is required by 
flax fiber, intended for the manufacture of medical and 
sanitary-hygienic products.

2.	 Recommendations on the development of modern 
regulatory documents are formed, taking into account 
the requirements of the international standard Oeko-Tex 
Standard 100 and the requirements of the State Sanitary 
Norms and Regulations. In this case, the regulation criteria 
are the maximum permissible concentrations of all chemi-
cal elements in flax fiber. Determination of their quantity 
requires the development of a modern methodology, ta
king into account the separation of chemical elements into 
hazard classes. Given the insufficient funding of works 
related to the development of new regulatory documents, 
it is appropriate to combine budgetary financing with the 
funds of concerned organizations.
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Исследование безопасности льняных волокон для 
изделий медицинского и санитарно-гигиенического 
назначения

Исследована нормативно-техническая документация, в ко-
торой регламентируются требования к безопасности льняного 
волокна. Доказана необходимость пересмотра нормативов по 
содержанию химических элементов в льняном волокне и  ус
таревшей нормативной базы. Определено, что критериями 
нормирования есть предельно допустимые концентрации всех 
химических элементов, которые могут попадать из почвы и на-
капливаться в льняном волокне.

Ключевые слова: предельно допустимые концентрации, клас-
сы опасности, тяжелые металлы во льне, безопасность льня-
ного волокна.
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