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DETERMINATION AND ANALYSIS OF CRITERION COMPONENTS OF THE ENVIRONMENTAL
SAFETY ASSESSMENT OF ENGINEERED NANOMATERIALS

The specific properties of nanotechnologies open up broad prospects for the purposeful production of nanomaterials
with enhanced properties. However, along with this, very few studies have been conducted to identify the negative
environmental impact of nanomaterials on the environment and the human body. In the production of engineering
nanomaterials, their operation (due to abrasion and wear), as well as during utilization (processing) or placement in
waste storage areas, it is possible to release nanoparticles into the atmospheric air and groundwater. The developed
criterion of ecological safety of engineering nanomaterials is presented.The components of this criterion are defined.
The components of the criterion are particular criteria that assess the safety of a material by the presence of nanophases
in it, proximity to a person, the possibility of exposure and potential danger. The characteristics of engineering
nanomaterials that determine the impact on the state of the environment and human health are established and should be
controlled. These include morphological, physico-chemical and molecular-biological. An algorithm for determining the
hazard level of products, which can contain nanoobjects, and an algorithm for carrying out environmental impact
assessment according to the proposed scale is presented. The scale of the degree of potential hazard of engineering
nanomaterials contains three levels: high, medium and low. Such a scale is universal and allows assessing the dangers
of nanomaterials and substances that can contain nanoparticles. The complex of measures for the evaluation and
analysis of nanomaterials that need to be carried out to ensure environmental safety when using nanomaterials of
different levels of danger is analyzed. Classification of nanoindustry products by the degree of potential danger to
public health and habitat will minimize the negative impact of engineering nanomaterials on the environment and
increase the level of environmental safety and rational nature management.

Keywords: engineered nanomaterials; nanoparticle; environmental safety; criteria of assessment; state of environment.

1. Problem statement.

Today nanotechnologies (NT) are developing at a
rapid rate all over the world. The nanoparticles and
nanomaterials possess a complex of physical, chemical
properties and a biological effect, which are often
drastically different from the properties of the same
substance in monocrystalline phases.

Specific properties of nanomaterials could include:

— a high potential for accumulation;

—a growth of the capatilities of chemical substances
and consequently to change a dissolubility, a catalytic
ability and a reactivity.

—a large specific surface of the nanomaterials than
leads to an increase in the value of the adsorption
capacity of materials;

—increase in production of free radicals and active
forms of oxygen on surface;

—a very-small size and variety forms of
nanoparticles;

—a hightly-developed surface of nanomaterial
causes a high adsorption activity.

The engineered nanomaterials, which have
predetermined properties and which have been
designed and created specially by engineers, are the
most interesting for researchers [1].

There has been an increase in number of comments
concerning the implications of using NT and with it
there is a wide interest in the introduction of
nanotechnology to the real sector of production [2].
Most of the discussions focused on technogenic

environmental aspects of using the production of the
nanotechnology industry [2, 4]. Research shows that
people have the low level of knowledge about NT [2].
Accordingly, the way which information was presented
at an early stage of civic consciousness of NT, likely to
have a critical value for the public to react to innovations
and the widespread adoption of the nanotechnology
industry in the industrial sector. In order to overcome
these contradictions it is necessary to conduct research to
identify the nanoparticles in the material, to develop a
technology and criteria on the classification of nanotech-
nological hazards and the publication of this information
for the nanotechnology production consumers.

2. Analysis of the recent researches and
publications.

The distinctive properties of NT offer broad
prospects for goal-seeking behavior production of the
nanomaterials with advanced characteristics, in
particular:

— a unique mechanical strength [5];

— specific spectral and electric parameters [6];

—improved magnetic, chemical and biological
progerties [7].

That shows that the nanomaterials have another
physicochemical properties and biological effect in
comparison with conventional equivalents. The nanoma-
terials should be considered as a new group of materials.
Researchers have noted that potential risks profile of
nanomaterials for human life and health is important and
it should include new methods, which have not used for
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conventional substances yet [8, 9]. It is reported in the
work [10] that the nanomaterials could become threats
not only during synthesis, but even during utilization.
Thus, studies are needed for reveal the nanoparticles in
manufactured products. A control card for the nanoma-
terials and materials that can contain nanoparticles is
proposed to use in the work [11]. The authors of the
work [12] suggest integrated system of the rating for the
thermal decomposition of carbon nanotubes at high
temperatures. However, there are [13] the authors note
that standard methods cannot be applied to the
measurement of toxic properties of the nanomaterials.
Today, the environmental performance of the great
majority of the nanomaterials is either non-existent or
presented by the limited number of texts [14, 15]. In
addition, the methodology and results of these tests are
often mutually incommensurable or even contradictory
[16, 17]. Meanwhile, the environmental characteristics
of nanomaterials should be based on a large number of
researches in vitro i in vivo [18, 19]. The researches
claim that number of the manufactured nanomaterials
is increasing every year [20, 21]. This points to
practical impossibility of characterizing by safe use of
nanomaterials in industry in the near future.

3. Statement of the problem and its solution.

The purpose of the study is to identify and analysis
of components of the environmental safety criteria of
engineered nanomaterials.

The following tasks have been assigned and solved
to achieve the aim:

—to identify features of engineered nanomaterials

Morphological

that condition an influence on the state of environment
and human health and should be under control;

—to identify the components of the criterion of
environmental safety assessment of engineered
nanomaterials and analysis them.

3.1. The determination the properties of
engineered nanomaterials that condition an influence
on the state of environment and human health and
should be under control.

In assessing the impact of the engineered
nanomaterials on state of environment, the complete life
cycle of the engineered nanomaterials need to be
considered. The complete life cycle of the engineered
nanomaterials includes next stages: the extraction of raw
materials  for the nanomaterials, synthesis of
nanomaterials, storing and packing, the manufacture of
products from nanomaterials, the maintenance and
utilization [11].

In the manufacture engineered nanomaterials, theirs
maintenance (in consideration of abrasion and chafing)
and also the utilization (waste treatment) or placement in
places for storing wastes, it is possible to ingress the
nanoparticles in the atmosphere air and waste water. This
leads to uncontrolled ecological effect by the
nanomaterials on the environment and human body.

It is therefore imperative to understand the nanoma-
terials’ characteristics, wich can be dangerous.
Conventionally all important  characteristics  of
nanomaterials in view of environmental impacts can be
classify as morphological, physicochemical and
molecular biological (figure 1).

Size

Form

Characteristics of
nanomaterials

Physicochemical

Dimension

Solubility

Particles charge

Adsorption capacity

———

Molecular-biological

Adhesion

Ability to generate
free radicals

Resistance
to aggregation

Cytological
characteristics

Toxicological
characteristics

Interaction with protein,
DNA, membranes

Figure 1 — The characteristics of the nanomaterials that should have been researched for identify the degree
of potential hazard
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According to a figure 1 size, form and dimension of
the nanoparticles should be classified as morphological
features. According to the International Union of Pure
and Applied Chemistry (IUPAC) a microstructures are
objects, which size is not exceed 2 nm; mesostructures
— sizes are from 2nm to 200nm; macrostructures —
more than 20 nm [22]. The size is a significant
characteristic, since with the decrease of the particles
size by the same mass concentration of material in per
unit of volume, the number of particles increases.
Thereby, the risk of harmful effect by particles on
living organism increases. This happens because the
main mechanisms that damage living organism by the
nanoparticles are connected with the processes, which
occurs on the interface. In addition, too small the
nanoparticles can penetrate into the organism not only
through respiratory and digestive apparatus but also
through the skin. The smaller the nanoparticles are, the
more difficult they are in detection and capture in water
and atmosphere. It is also conditioned the additional
environmental risks of use the nanoparticles.

The form of the nanoparticle we describe by
quantity, which is called shape factor:

L, @)

where Spis the sectional area of the nanoparticle; p —

the cross-section perimeter.
The value of shape factor Fg,,,, =1 indicates that

the section is the perfect circle. The closer the value of
roundedness to 0, the more oblong or deformed section
will be. The nanofibres and nanowires (the particles with
high value of the form factor) have a greater capacity for
joining to the somatic tissues. This increases the contact
time between the particle and the tissue, and also raises a
probability of particle’s toxic action.

There is an agreement to determine nano-objects
that the dimensions of this object at least in one of the
spatial directions should be in the range of
0.1...100 nm. Such objects are called low-dimensional.
The low-dimensional objects fall into: one-
dimensional;  two-dimensional;  three-dimensional.
According to this classification, zero-dimensional
(nanoparticles, quantum dots) and one-dimensional
(nanofibres, nanowires) nano-objects will be the most
dangerous ones, as the risk of the exposure by such
nano-objects is the highest. The penetration of the two-
dimensional (nanofilm) and three-dimensional objects
(photonic crystals, porous layers) to organism has
much lower chances.

The solubility of nanomaterials in water and
biological fluids should be considered among the basic
physicochemical  characteristics that  determine
potential hazard. The solubility is a highly significant
factor that defines the toxicity of materials. It can be
ranked as:

— insoluble;

—slightly soluble;

—soluble.

When the nanoparticles, formed by water soluble
substances, enter the aquatic environment, they
dissociate into ionic or molecular solutions. After it, their
toxic properties are determined only by chemical
composition of their components. In other words, soluble
nanoparticles, as a rule, do not differ in their
toxicological properties from their chemical analogues of
traditional dispersion. On the contrary, the particles of
water-insoluble substances can remain in a free state for
a long time in the biological environment, causing
biological effects that can be determined by their surface
characteristics.

Particles charge is a highly significant factor. Positive
charged particles that have a high affinity to DNA
macromolecules are the most dangerous. Negatively
charged particles do not possess such properties, but they
are characterized by increased capability to penetrate
through tissue barriers. The least harmful biological
effects should be expected from neutral nanoparticles.

Adsorption capacity determines the probability of
transportation (transference) foreign impurities on nano-
particles. This indicator is defines as high or low adsorp-
tion capacity. The value of the adsorption capacity may
be in increase the probability of transportation (transfer-
ence) foreign impurities of toxicants on the nanoparticles
from the environment to the internal environment.

Resistance to aggregation is a factor affecting the
toxicity of nanoparticles. The toxicity of the
nanoparticles is reduced, as a result of adhesion of
aggregation-unstable nanoparticles.

Adhesion of nanoparticles to the surface can increase
their penetration through tissue barriers, their tearing
from the surface of nanomaterial and spread in the air.

One of the important factors determining the danger
of nanomaterials is their ability to generate free radicals.
The major part of the damaging actions of nanomaterials
is mediated by mechanisms of free-radical peroxidation,
initiated by reactive forms of oxygen formed on the
surface of the nanoparticles in the processes of
heterogeneous chemical catalysis.

Therefore, the detection of catalytic properties of
nanoparticles is very important for defining their
potential hazard.

Capacity of nanomaterials to interact is an important
molecular-biological characteristic. In particular, the
interaction with DNA is the most significant feature, as it
determines the possible manifestation of genotoxic and
mutagenic properties of the nanomaterials. The
interaction with cell membranes could be a factor
accelerating the penetration of the nanoparticles into a
cell. The interaction with proteins could be the cause of a
change under the action of the nanoparticles of
enzymatic activity.

In assessing the potential danger of the nanoparticles
and the nanomaterials it is necessary to take into account
cytological characteristics, notably: the ability of the
nanomaterials to cause malignant transformation of cells;
cytotoxicity that is, the ability of the nanomaterials to
cause the death of cells and so on.

Signs of toxicity (acute, chronic), increased
permeability of the organism's barriers for toxicants and
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penetration of the nanomaterials through the barriers of
the organism should be included to the toxicological
characteristics. This leads to the direct exposure of
organisms by the nanomaterials.

The above characteristics of the nanomaterials
determine their impact on the environment and living
organisms. The value of these characteristics can be
obtained from the manufacturer and/or available
sources of information, such as data on experimental
studies, statistical data, etc.

3.2. Determination of criterion components of
the environmental safety assessment of engineered
nanomaterials and their analysis.

By the degree of the nanomaterials potential
danger, we establish a criterion for the potential danger
of nanomaterial K. This includes the partial criteria:

K=(K,, Ky, K5, K4), (1)

where K; —a criterion for the presence of nanophase
in the material; K, — a criterion for the possibility of
exposure products consumer by nano-objects; K; — a
criterion for proximity of products to a person; K, —a

criterion of potential danger.

The convolution of partial criteria will be carried out
according to the multiplicative law, which is based on
the principle of just satisfaction of relative changes in
partial criteria:

K= K1K2K3K4 . (2)

We define the value for each of the partial criteria
(table 1).

Table 1 — The value of partial criteria for determining the generalized criterion of the potential danger of nanomaterial

Criterion | Significance

Under what conditions this value is acquired

K;=0 There is no the nanophase in the material

K K =05 appropriate data

It is impossible to determine the presence of the nanophase in the material or there are no

K, =1 There is the nanophase in the material

K2:0

The exposure of products consumers by nano-objects is impossible

K2 K2 =05

It is impossible to determine the possibility of exposure consumers of products by
nanobjects or there are no appropriate data

K, =1 The exposure of products consumers by nanoobjects is possible
K5 =0 It is impossible for a person to contact with products containing nano-objects
K; K3 =05 The products containing nano-objects contact with a person indirectly
K;=1 The products containing nano-objects are in contact with a person
K4 =0 Low level of nanoproducts hazard
K4 K4 =05 Medium level of nanoproducts hazard
Ky =1 High level of nanoproducts hazard

A generalized criterion will always fall within the
range of values, for such values of partial criteria and
subject to the application of the multiplicative
convolution of the criteria:

K €[0,1]

An algorithm for evaluating nanomaterials, as well
as materials that can contain nanoparticles, is given in
figure 2.

According to figure 2, at the first stage, it is
necessary to determine whether the product contains
nano-objects. Definition must be made on the basis of:

— a material passport or other technical documenta-
tion provided by the manufacturer of the product;

— authoritative literary sources that containing
information about the properties of the material
(patents, articles in authoritative publications, reference
books, etc.);

—own data that are derived with using methods of
assessing the safety of nanomaterials approved in
accordance with the established procedure.

If it is founded that nano-objects are present in the
material, or no data are available, further evaluation is

required. In the presence of reliable information on the
absence of nanoparticles or nanophase in the material,
it is concluded that no further evaluation is necessary.

At the second stage it is necessary to determine the
possibility of exposure consumer products by nano-
objects that are contained or may be contained in the
material. These data are collected on the basis of
information provided by the manufacturer or during an
expert evaluation. In so doing, the nature of normal
application conditions, as well as the structural
characteristics of the material, should be considered.

The next is to make the assessment of the proximity
of products to humans. It is estimated that the product
does not contact a person if it is a technical device that
operates autonomously in a desert zone (space, drilling,
deep water equipment and engineering). Indirect contact
is the contact that may occur due to the presence of the
nanomaterials in food, pharmaceutical, water-purifying
equipment, electronic equipment products, etc. Product
contacts with the consumer if it can be attributed to
textiles, packaging materials, food products, hygiene
products, household chemicals, cosmetic products,
drugs, etc.
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1. Determination of the presence of nanophase in the material

2. Determination of the possibility of exposure consumer of products

by nanobjects

No additional

evaluation

3. Determination of product proximity to a person

is required

Does not contact

Contact indirectly

Y

4. Establishing a criterion for potential hazard

Low level of hazard

High level of hazard

Medium level of hazard

It needs to carry out environmental assessment and develop recommendations
concerning safe use and utilization of products

Figure 2 — The algorithm for determining the level of hazard of product that can contain nanobjects and establish the
need for environmental expertise

In addition, taking into account the discreteness of
the values of partial criteria, it is easy to see that a
generalized criterion can acquire only six values that
will determine the degree of the potential hazard of
nanomaterial (table 2).

Table 2 — The significance of a generalized criterion
for the nanomaterial potential hazard

Value K Degree of potential_ danger
of nanomaterial
0 low
0.0625
0.125 medium
0.25
(1)'5 high

The proposed method for the classification of the
nanomaterials and substances which containing
nanoparticles according by degree of the potential hazard
is rather simplified. However, this simplification makes
it possible to determine the need for further evaluation
and studies of the nanomaterials. It is versatile and
suitable for the nanomaterials and for substances that can
contain the nanoparticles.

3.3. Necessary measures for management of
hazardous engineered nanomaterials.

On the basis of the above developed the criterion it is
possible to conduct a ranking of the engineered
nanomaterials by degree of danger: for objects with a
low degree of danger, it is expedient to conduct only
certain crucial tests; for the nanoparticles that are
characterized by a medium degree of danger, the scope
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of planned studies should be substantially extended; for
the nanomaterials with a high degree of potential
danger, toxicological and hygienic behavior should be
implemented in full (figure 3).

The classification of nanoindustrial products for the
degree of potential health hazard of the population and
the environment, including at the stage of consideration
of nanotechnological production projects, should be
carried out with the aim:

— the identification of products that use the potential
danger nanomaterials for human life and health in the
technological process as well as the possibility of
causing damage to human health in the manufacture,
circulation, use (employment) and utilization of this
product;

— the definition of industries that use the potentially
hazardous nanomaterials in the process of production

and, as a result, damage: the health of workers in these
enterprises, the population, including those living in the
surrounding areas, the environment;

—the development of a set of measures aimed at
ensuring the safety of the products of the nanoindustry
for the consumer (in particular, the replacement of more
dangerous nanosized components by less dangerous
ones, marking caution notices on the product during
labeling and packaging, measures to prevent the
improper use and utilization of the products of the
nanotechnology industry, etc.);

— minimizing the risks associated with the application
of the nanotechnologies and the nanomaterials in
production processes through the development and
implementation of a set of measures to ensure the safe
working conditions and to prevent pollution of the
environment.

The degree of danger of engineered nanomaterials

It is recommended to carry out safety . I
valuation of the nan )m-lir-ii' s that yr _ || 1t is recommended to conduct an expanded | o
No special assessments is required in the eva L‘;f’ ;1 © de aerials that are toxicological-hygienic and medical- | ]
area of the safety of effects due to the th use hlﬁ_'t © mar]l‘u acturlr}g{proc;ssd biological assessment in accordance with =4

, . rough the use of appropriate methods . )

influence of substances in the nanophase s PProp the methodological documents approved I 8
and techniques approved in accordance . . =8
. . in the established procedure |5
with the established procedure | =1

According to the results of the assessment, a set of the Based on th lis of th I

) ) measures is being developed to reduce the risks caused by ase ?n e[re;;u 1s 0 eh I
‘Lom.pames that the influence of the nanomaterials at work, including the as;essm;ni ]a 5 dOt me;sureil as | g
manufacturing nano products establishment of critical control points of production, ee]:l feve opel ore ;LEI © 15
mL;‘sltJrl:lee_:t )ﬂ\'ltlil th,elre.qu”ﬂ?“hts associated with the possible inflow of the nano-objects into TISkS .o‘r f:n:]p oY ees]ol.t esed I 1A
ot Ukrainian legislation whic the air of production premises, atmospheric air adjacent to enterprises, the population an 3

are established for the . . . e . . the environment (the stages |
enterprises of similar products the production territory and industrial waste water, the use fi ducti . whicl =
p L pre of individual and collective safety methods, the introduction ol the production process, which | 8
that obtained by traditional R N A . . are characterized by high risk, in I
. o of technology for the purification of gaseous and liquid . <. |
technologies which do not . . L . isolated cells or devices, the use =
use manomaterials industrial emissions and effluents from nano-objects, £ ventilati dai i . I e

development of rules for proper recycling (dumping) ot ventila 1c:n an z:lr)c caning
. . . systems, etc.
of production solid waste and so on Y I

Figure 3 — Measures to be taken in establishing the hazards of products that containing nanoparticles and nanomaterials

The result of the classification of nanotechnology
products by the degree of potential danger is the
ascription of production to products with a low,
medium or high degree of potential hazard for its
consumer. This would help to minimize the negative
impact of the engineered nanomaterials on the
environment and increase the level of environmental
safety and rational nature management.

Conclusion.

1. As a result of the study, the algorithm for
evaluating nanomaterials that contain nano-objects
according to the degree of potential danger and the
need for environmental expertise was developed. This

algorithm contains a gradual definition of partial criteria
for potential dangers of nanomaterial.

2. The morphological, physicochemical, and
molecular biological characteristics are included to the
characteristics of nanomaterials that must be subjected to
environmental expertise. The determination of these
criteria should be based on available data contained in
the product's passport, according to authoritative sources
or in the course of an expert evaluation.

3. The assessment technique and classification of
nanomaterials and substances containing nanoparticles is
developed and consists in determining a criterion of
potential danger of nanomaterial. This criterion is a
multiplicative function of partial criteria.
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BU3HAYEHHS ¥ AHAJII3 CKJIAJIOBUX KPUTEPIIO EKOJIOITYHOI BE3NEKHW THXXEHEPHUX
HAHOMATEPIAJIIB

CrnenudivHi BIaCTUBOCTI HAHOTEXHOJIOTIH BiJKPUBAIOTH IIMPOKI MEPCIIEKTUBH IS IIECIIPIMOBAHOTO BUPOOHHUIITBA
HaHOMATepiajiB 3 MiABUIIEHUMH BIacTUBOCTAMH. OHAK TOPS/ 3 KM JIy>K€ MaJio JIOCIHIDKEHb IPOBEJCHO 3 BUSIBICHHS
HETaTUBHOTO BIUIMBY Ha HAaBKOJMIIHE CEPENOBHIIEC HAaHOMATEpiasliB Ha HABKOJMIIHE CEPEIOBUILE 1 OpraHi3M JIFOJMHH.
[Tix yac BUpOOHMIITBA iH)KEHEPHUX HaHOMATEpialliB, iX eKkcruryaTarii (y HacJiJIOK CTUPaHHs M 3HOCY), a TaKOX ITif] Yac
yriizauii (nepepoOkn) abo po3MillleHH] Y MicIpIX 30epiraHHs BiIXOAIB CTa€ MOXKIMBUM HA/IXOJDKEHHS! HAHOYACTUHOK Y
atMocepHe moBITps U TpyHTOBI Boau. I[IpencraBiieHO pO3pOOJCHUI KPUTEpid EKOJIOTIYHOI OE3MEeKH 1HXCHEPHHX
HaHOMarTepiajiiB, BU3HAYEHO CKIIAJIOBI LIbOro Kputepito. CKIIaToBI KPUTEPIIO € YaCTKOBUMH KPHUTEPISMH, SIKI OL[HIOIOThH
Oe3reKy mMarepiany 3a HasBHICTIO HaHO(a3 B HbOMY, OJTM3BKOCTI JI0 JIFOAWHH, MOXIIMBOCTI €KCIIOHYBAHHS 1 MOTEHIIHHOT
HeOe3nekn. BcTaHOBIIEHO XapaKTEepUCTHKU IH)KEHEPHHX HaHOMAaTepiasliB, sKi OOYMOBIIOIOTh BIUIMB Ha CTaH
HaBKOJIMIIHBOT'O CEPEIOBHIIIA 1 30POB'sl JIFOIMHU Ta MarOTh OYTH KOHTPOJIBOBAHUMHU. J[0 HUX BIJIHOCATBHCS MOP(OJIOTiYHI,
¢i3uKo-xiMiuHI Ta MonekyispHo-Oionoriuti. [logaHo anropuT™ BH3HA4YEeHHS PIiBHS HeOE3NEKH MPOIYKIi, ska MOXe
MICTUTH HaHOOO'€KTIB, 1 aITOPUTM TPOBEJICHHS €KOJIOTTYHOI EKCIIEPTH3HU 3a 3alpOIOHOBaHOI0 Iikano. [llkana crymnens
NOTEHIIHHOI HeOe3NeKH 1H)KeHEpHUX HaHOMaTepialiB MiCTHTh TPU PiBHI: BUCOKHI, cepe/Hii 1 Hu3bkuid. Taka mikana €
YHIBEpPCAILHOIO 1 JI03BOJISIE OLHIOBATH HEOE3INEeKy HaHOMAaTepiasliB 1 PeYOBHH, SIKI MOXYTh MICTHTH HAaHOYACTHHKH.
[IpoaHasizoBaHO KOMIUIEKC 3aXO/(iB 3 OIL[IHKM Ta aHaJi3y HaAHOMATepiaiiB, siki HEOOXIIHO ITPOBOJUTH ISl 3a0€31ICUEHHS
eKOoJIOriYHOT Oe3rekd Ipu BHUKOPHCTAaHHI HaHOMATepiasiB pi3HOro piBHA HeOesmeku. Kacudikaiis npomykiii
HAHOIHAYCTPIl 3a CTyHmeHeM MOTEHIIHHOT HeOe3MmeKH JUIsl 3JI0pPOB's HACEJCHHs 1 JOBKULIA J03BOJIMTH MiHIMI3yBaTh
HETaTUBHUI BIUIMB 1H)KEHEPHUX HaHOMATEpialliB HA HABKOJIUIIHE CEPEIOBHILE 1 MiABUIIUTH PIBEHb EKOJIOTIYHOI Oe3neKu
Ta PalliOHATBEHOTO IPUPOIOKOPUCTYBAHHSL.

KarwuoBi ciioBa: imkeHepHI HaHOMarepialld, HAHOYACTUHKH, EKOJIOriyHa Oe3reka, KpUTepil OLIHIOBaHHS, CTaH
JOBKIJLIS.
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HU. Boraanos, SI. CoiunkoBa, C. Kopauen

OIIPEJEJIEHUE n AHAJIN3 COCTABJIAIOIINX KPUTEPUS 3KOJIOTMYECKOM
BE3OITACHOCTHU NHXXEHEPHBIX HAHOMATEPHAJIOB

Cnenu¢uueckne CBOHCTBA HAHOTEXHOJIOTMH OTKPBHIBAIOT ILIMPOKHE IEPCHEKTHBBI IS  LEJICHANPAaBICHHOTO
MIPOM3BOJICTBA HAHOMAaTEPHAJIOB C IOBBINICHHBIMU cBoMcTBaMM. OJHAKO HapsiAy C 3TMUM O4YEHb MaJI0 MCCIEIOBaHHUN
MIPOBEAEHO MO BBIIBICHUIO HETaTMBHOTO SKOJIOTHYECKOIO BO3ICHCTBHSA HAaHOMAaTEpHATIOB HA OKPYKAIONIYIO Cpely U
OpraHm3M 4enoBeka. lIpyu Mpon3BOACTBE MH)KEHEPHBIX HAHOMATEPHAJIOB, MX 3KCIUTyaTaluH (BCJIEACTBUE MCTHPAHMS U
W3HOCA), a TaKKe NPH YTWIM3aluu (TepepaOOTKH) WIA pa3MEMICHHd B MeECTaX XPaHEHHS OTXOJOB CTaHOBHTCS
BO3MOXKHBIM IIOCTYIUIEHHE HAaHOYACTUII B aTMOC(EpHBIA BO3OYX W TpyHTOBbIe Boabl [IpencraBieH pa3paboTaHHBIH
KPHUTEPHUH 3KOJIOTHUECKOW 0€30MacHOCTH MHKEHEPHBIX HAaHOMAaTEpHAaJIoB, ONPEIEICHBI COCTABIISIOMINE 3TOr0 KPUTEPHSL
CocTaBifIOmUE KPUTEPUS SBISIOTCS YaCTHBIMH KPHUTEPHSAMH, KOTOPHIE OLICHMBAIOT OE€30IaCHOCTh MaTepuaja IIo
HAJIMYMIO HaHo(a3 B HeM, ONM30CTH K YENOBEKY, BOSMOKHOCTH 3KCIIOHHPOBAaHMS M ITOTEHIHAIBFHOW ONACHOCTH.
VY CTaHOBIEHB! XapaKTEPUCTHKN HH)XEHEPHBIX HAHOMATEPHAJIOB, KOTOpHIE OOYCIOBJIMBAIOT BIHSHHE Ha COCTOSHHE
OKPY’KaIOIIeH Cpeapl U 30POBbE UETIOBEKA M JOJDKHBI OBITH KOHTpOMUpyeMbiMH. K HUM OTHOCSATCS MOP(OIOrHIecKre,
(MBUKO-XMMHUYECKHE W MOJEKYIsIpHO-Ononoruueckue. IlpencraBneH anroputM ONpENeieHHs YPOBHS ONACHOCTH
MIPOAYKIMH, KOTOpasi MOXET COAEPKaThb HAHOOOBEKTBI, W aNTOPUTM TPOBEACHHUS 3KOJOTMUECKOW 3KCHEPTH3BI MO
npeanokeHHod mkane. [llkama cTemeHd NOTEHIMATbHOW OMACHOCTH WH)KCHEPHBIX HAaHOMAaTEPHAJOB COMEPKHUT TPH
YPOBHS: BBICOKMM, cpenHuil W HU3KUM. Takas mikana sIBISETCS YHUBEPCAIbHOM W TO3BOJISIET OLICHHWBATh OMACHOCTH
HaHOMATEPHAJIOB 1 BEIIECTB, KOTOPHIE MOT'YT COJEp)KaTh HAaHOYACTHIBL. [IpoaHanu3upoBaH KOMIUIEKC MEPONIPHUSATHI MO
OLICHKE W aHAJIN3y HaHOMAaTEPHaJIoB, KOTOPbIE HEOOXOANMO HMPOBOIMTH JUIs OOECIIEUEHHS SKOIOTHUECKON Oe30MmacHOCTH
TIPY HCTIONB30BaHIN HAHOMATEPHAIOB Pa3IMYHOrO YpOBHs onacHocTd. Knaccudukanyst IpogyKInn HAaHOMHIYCTPHH TIO
CTEMEHW NOTEHIMAJIbHON OIACHOCTH [UIsl 370POBBSI HACENECHUS W Cpensl OOWTaHMS MO3BOJIUT MHHHMH3HPOBATH
HETaTUBHOE BIMSHHWE MHXEHEPHBIX HAHOMAaTEPHAJOB Ha OKPYKAIOIIYI0 CpEely W TOBBICHTH YPOBEHb JKOJIOTMUECKOH
6€30MacHOCTH 1 PallIOHAIEHOTO TIPUPO/IOTIONIE30BAHUSL.

KnroueBble cj10Ba: HHXEHEPHbIE HaHOMATEPHUANbl, HAHOYACTUIIBI, HSKOJOTHYECKass O€30MacHOCTh, KPUTEPUH
OLIEHKH, COCTOSIHUE OKPY)KAIOIIEH CpeIbl.
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