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Purpose of the study — analysis of the scientific literature on generalization of the data on domestic and foreign experience
in risk assessment due to exposure to finely dispersed aerosols and aerosols of nanoparticles (NPs).

The article summarizes data of long-term studies on the effect of nanomaterials and nanoparticles on the quality of human
habitat and health. The domestic and foreign experience of harm health assessment, safety of new types of nanomaterials
for the environment and work-related conditions have been analyzed.There are numerous studies of foreign and domestic
scientists on the biological activity of nanoparticles and their effect on experimental animals, namely, on the specificity of their
effect on various organs and systems of the body. Classification of nanomaterials, depending on their chemical composition,
is presented. Attention is paid to the problems of nanosafety, namely, to the evaluation of nanotoxicity of substances and to
the definition of the concept of a “dose” for nanoparticles. The data on the presence of finely dispersed and ultra-fine particles
in the atmospheric air, which increase risk of respiratory system diseases among residents of large megacities, is given. There
is special importance on assessing work conditions and occupational risks in production and use of materials which contain
nanoparticles as well as in production processes with formation of the fine dust and nanoparticles indicated in the article. Due
to the lack of a clear system for assessing health risks related to the action of nanoparticles, lack of common criteria of harm-
fulness and maximum allowable concentrations for most nanoparticles and uniform methods of their control, it is suggested
to strictly adhere to protective measures in contact with nanomaterials and active improvement of nanosecurity measures.

Conclusions. High toxicity and health hazards of finely dispersed and ultra-fine particles confirm need to control their content
in the air of the populated areas and in the air of the working zone of industrial enterprises, where suspended particles are
formed in the technological process. Obtained results of the scientific studies should be used for substantiation of preventive
measures on nanosecurity in development and implementation of the nanotechnology, in order to protect health of workers
and the general population.

AKTyaAbHi NTMTAHHA OLiHIOBAHHA PU3UKY BNAUBY BUCOKOAUCNEPCHUX aepo30AiB
Ta aepo30AiB HAHOUACTOK

A. |. CeBanbHeB, A. M. lapagapa, 0. 0. Hedpbopos, 0. 0. Hedboposa, B. ®. LLlatopHa

MeTa po60oTK — aHani3 HaykoBOi niTepaTypy s y3aranbHeHHs! BIGOMOCTEN NPO BiTYM3HSHWIA | 3aKOPAOHHWI JOCBIL OLliH0-
BaHHS! PU3VKY Bif, BNIVBY BUCOKOAWUCNEPCHUX aepOo30riB Ta aepo30r1iB HAHOHACTOK.

Y3aranbHunu matepianu baratopidHnx gocnigxeHb BNAWBY HaHOMaTepianiB i HAHOYACTMHOK Ha SAKICTb cepeaoBULLa
NPOXVBaHHA NIOAVMHX Ta Ha 1i 300poB’a. [poaHanisyBanu BiTYM3HAHWIA | 3aKOPAOHHWIA JOCBIS OLHIOBAHHSA LIKOAM Ans
300poB’s, 6e3nekn HOBUX BUAIB NPOAYKLIi HAaHOMaTepianis Ans [OBKINAsA Ta BMpobHMYOro cepegosuila. HaeeaeHi yuc-
NEHHI AOCNIAXEHHS 3aKOPAOHHKX | BITYN3HAHUX YHEHMX LWoao GionoriYHoT akTMBHOCTI HAHOYACTWHOK i IXHBOTO BNAMBY Ha
€KCMEePUMEHTaNbHIX TBAPUH, 30Kpema 0CoBNMBOCTI BNMBY Ha Pi3Hi OpraHu, cucteMu opraHiamy. MogaHo knacudikawito
HaHoMaTepianiB 3anexHo Big XimiyHoro cknagy. MNpugineHo yeary npobnemam HaHoGe3nekn, 30Kpema OLiHIOBaHHI0
HAHOTOKCUYHOCTi PEYOBUH i BUHAYEHHIO MOHATTS «403a» AN HaHOYaCTWHOK. HaBedeHi BiAOMOCTI LWOAO HasiBHOCTI B
aTMocepHOMY NOBITPI APIGHOANCNEPCHIX, YNBTPATOHKMX YACTUHOK, SKi NiABMLLYIOTb PU3VK 3aXBOPIOBaHb PeCNipaTopHOT
CUCTEMW B XXUTeNiB Meranonicie. HaronoweHo Ha 0cobnmBii BaXNWBOCTI OLiHOBaHHS YMOB NpaLi Ta NpoecinHoro puauky
nig Yac BMPOGHMLITBA 1 3aCTOCYBaHHSA MaTepianis, L0 MICTATb HAHOYACTVHKK, @ TAKOX BUPODHMYMX MPOLIECIB 3 YTBOPEHHAM
ApiGHOAMCNEPCHOTO MUY Ta HAHOYACTWHOK. Y 3B’A3KY 3 BIACYTHICTIO YITKOT CCTEMM OLiHIOBaHHS PU3KKIB ANst 300POB’S B
[ii HAHOYACTOK, EAMHUX KPUTEPITB LLKIAMMBOCTI Ta rPaHMYHO AOMYCTUMUX KOHLEHTpaUi Ans GinbWwoCTi HAaHOYaCTUHOK Ta
€0MHUX METOAIB X KOHTPOIIIO 3anponoHOBAHO YiTke AOTPUMAaHHS METOAIB 3aXMCTY Nif Yac KOHTaKTY i3 HaHoOMaTepianamu
Ta aKTUBHE BOOCKOHANEHHS 3aX0fiB i3 HaHOOe3neku.

BucHoBku. Brcoka TOKCUYHICTb | Hebe3neka Ans 30opoB’st ApibHOAMCNEPCHIX Ta YNBTPATOHKMX YaCTUHOK MiATBEPAXKYE He-
06xifHiCTb opraHi3aLii KOHTPOIHO X BMICTY B MOBITPi HACENEHMX MyHKTIB i NOBITPi pPO60O40T 30HM NPOMMCIIOBYX NiANPUEMCTB, Y
TEXHOMOTYHOMY NPOLIECi SIKVX YTBOPIOIOTLCS 3BaXKEHI YaCTUHKM. PesyniraTi HayKoBWX AOCHimMKeHb HEOOXiAHO BUKOPUCTOBYBATH
ans obrpyHTYBaHHS NpoinakTUYHMX 3axogiB HaHobe3neku nig Yac po3pobku Ta peanisaii HAHOTEXHOIONI NS OXOPOHM
3[0POB’st NPALIBHUKIB | HACENEHHS 3arasnioM.

AKTyaAbHble BONPOChI OLEHKN PUCKa BO3AEHCTBUA BbICOKOAUCTEPCHbIX aaposo/\eﬁ
" aaposerv'l HaHoOYacCTULL

A. W. CeBanbHes, A. M. LLlapaBapa, A. A. Hedepos, E. A. Hedeposa, B. ®. LatopHas

Llenb pa6oTbl — aHanu3 Hay4Hoit nuTepaTtypbl Ans 0606LLeHNs AaHHbIX 06 0TEYECTBEHHOM U 3apy6EXHOM OMbITE OLEHKN
pucka OT BO3AENCTBMS BbICOKOAWCNEPCHbBIX a3p030Men 1 aspo30rien HaHOYaCTuLL.
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OB606LueHbl MaTepuanbl MHOTOMETHUX UCCMEA0BaHMIA BO3OENCTBUS HaHOMAaTepuaroB U HaHOYaCTUL, Ha KayecTBO Cpeabl
0buTaHus YenoBeka 1 Ha ero 30opoBbe. [poaHanM3vpoBaH OTEYECTBEHHBI 1 3apyOEXHbIN OMbIT OLIEHKU Bpeaa 340POBbH0,
6€30MacHOCTW HOBbIX BIOOB HAHOMaTEPWANoB Ansi OKPYXXatoLLeli N NPOU3BOLCTBEHHON cpefbl. [peacTaBneHbl MHOrouMc-
NeHHble UCCnenoBaHns 3apybexHbIX 1 OTEYECTBEHHBIX YYeHbIX B1ONOrMYECcKo akTUBHOCTM HAHOYACTUL, U UX BRWSHUS Ha
3KCNEPUMEHTArbHBIX KUBOTHBIX, @ MUMEHHO OCOOEHHOCTM WX BO3AENCTBUS Ha pas3nuyHble OpraHbl U CUCTEMbI OpraHu3Ma.
lMpencraBneHa knaccudykaums HaHoMaTeprUanos B 3aBUCUMOCTW OT XMMUYECKOro COcTaBa. YAeneHo BHUMaHve npobne-
Mam HaHobe30macHOCTH, @ UMEHHO OLIEHKE HAHOTOKCUYHOCTY BELLECTB 1 ONpefeneHunio MOHATUS «A03a» Ans HaHoYacTuL.
MpuBeeHb! faHHbIe O HanM4uu B aTMOCcepHOM BO3AYyXe MENKOAMCNEPCHBIX U YNBTPATOHKUX YacTuL, KOTOPble NOBbILIAT
pucK 3aboneBaHUn PECNMPaTOpPHON CUCTEMbI Y XUTENel MeranonmcoB. YkaszaHa 0cobasi BaXXHOCTb OLIEHKM YCIIOBUIA Tpy-
Aa 1 npoceccnoHanbHoro pucka npy NPOVW3BOLACTBE M MPUMEHEHUM MaTepuanos, COAepXKalLMX HaHo4YacTuLbl, a Takke
NPOV3BOACTBEHHbIX NPOLIECCOB C 06pa3oBaHMeEM MENKOAMCNEPCHOMN MbINN U HaHOYacTUL. B CBA3M C OTCYTCTBMEM YETKOM
CUCTEMbI OLIEHKM PUCKOB AJ15 300POBbSI OT AENCTBUS HAHOYACTHL, EANHBIX KPUTEPUEB BPEAHOCTU W NPEAENbHO AOMYCTUMbIX
KOHLiEHTpaLmit Anst 6oNbLUMHCTBA HAHOYACTML, M €AUHBIX METOLIOB X KOHTPONS, NpeasnaraeTcs 6onee cTporoe cobnioneHne
Mep 3aLUMTbl MPK KOHTaKTE C HaHOMaTepuarnamm 1 akTUBHOE COBEpPLLEHCTBOBaHME MEPONPUATUIA MO HAHOBE30MaCHOCTK.

BbiBoAbl. Bbicokasi TOKCMYHOCTb M OMacHOCTb Ans 300p0BbA MENKOAMCNEPCHbIX N YNBbTPATOHKNX YacCTUL, NoATBEPXAaeT
HeobxoaumMocTb OpraHu3auumn KOHTPOIA X coAepXxaHusa B BO3AyXe HaceneHHbIX MeCT 1 B BO3yxe pa6oqe|7| 30HbI MPOMbILLI-
JIEHHbIX I'lpeﬂ,I'IpI/IﬂTMVI, B TEXHONOrM4eCKoM npoLecce KoTopbIX 06pa3y10Tc;1 B3BELUEHHble YaCTULbl. I'IonyquHble pesynbratbl
Hay4HbIX nccnegoBaHuin HeobXxoaMMo MCNonb3oBaTh Ansi 060CHOBaHMS I'IpO(bVIJ'IaKTVI‘-IeCKVIX mep HaHo6e30MacHOCTK npu

pa3paboTke 1 peanuaauuy HaHOTEXHOMOTWIA [Nt OXpaHbl 300POBbs PABOTALOLLMX 1 HACENEHMS B LIETIOM.

Actuality

Modern development of civilization is characterized
by an unprecedented acceleration of the scientific and
technological progress. Development of industry, innova-
tive technologies and nanotechnology, in particular, is an
absolute priority for the majority of countries.

In this regard, many new problems appear, which
require clarification of the role of the scientific and tech-
nological progress in assessing its positive and negative
consequences for the human health and the environment.
The underestimation of the adverse side effects of the sci-
entific and technological progress has already brought
the world to the edge of the ecological crisis, associated
with the environmental pollution, and reach now threatening
proportions. Nanotechnology is likely to make a significant
contribution to the environmental pollution [1,2].

The development of nanotechnologies at the accelera-
ted rate and their active introduction in industrial production
will inevitably lead to a significant amount of nanoparticles
(NPs), entering the environment. Accordingly, their in-
creasing concentrations in the environmental objects pose
a real threat to the human health. The study on occurring
potential risks in the interaction of nanomaterials with man
and the environment is an actual and important task today.

The purpose of the study to analyze scientific
literature for summarizing data of domestic and foreign
experience on risk assessment from the effects of finely
dispersed aerosols and aerosols of NPs.

Modern nanotechnologies are of a great potential and,
asitis said by experts, will fundamentally change the society
in the 21st century. However, new scientific achievements
not only contribute to the development of the economy,
improve the quality of the human life, but set a number
of important tasks. Among them, impact of nanomaterials
and NPs on the quality of the human habitat, animal and
plant world, quality of agricultural products and water, and
human health [3,4].

There are both natural and anthropogenic sources
of the environmental pollution with NPs. Natural sources
of the NPs origin cover forest and steppe fires, volcanic
emissions, dust raised from the water surface, viruses,
biological subjects. The anthropogenic sources include do-
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mestic waste, mining processes, incineration of the waste,
welding and soldering processes, fuel combustion, industrial
production, construction, etc. Artificially formed NPs hardly
biodegrade or digest in the environment.

Their harm can be associated with unusual properties
of substances, namely mobility and resistance in soil, water,
air, bioaccumulation, unpredictable interaction with chemical
and biological materials [5,6].

The problems of nanosecurity were formulated and ac-
tively developed by a number of international, governmental,
intergovernmental and public organizations: WHO, FAO,
OECD (Organization for Economic Cooperation and Devel-
opment), EFSA (European Food Safety Authority, European
Union), SCENIHR (Scientific Committee on Emerging and
Newly Identified Health Risks, EU), DEFRA (Department
for Environment, Food and Rural Affairs, United Kingdom),
FSA (Food Standards Agency, United Kingdom), FDA (Food
and Drug Administration, USA), US EPA (Environmental
Protection Agency, USA), ISO (International Organization
for Standardization), etc. [7].

Today, foreign and domestic scientists are conducting
numerous studies on the biological activity of NPs on exper-
imental animals, allowing to establish that nanocrystalline
iron and zinc accelerate the growth of animals in biological
doses; enhance liver regeneration [3]; intracheal adminis-
tration of titanium nitride NPs promote developing structural
changes in the lungs [8]; dystrophic changes are observed
in the liver parenchyma in the action of lead sulfide [2]. In
the works of foreign researchers it is found that macro-
phages, leukocytes, phagocytes do not recognize carbon
nanotubes when they enter the lung tissue of animals,
and that they do not perform the function of recycling alien
particles. As a result, inflammation of the lung tissue takes
place and development of malignant neoplasms [9-11].

In the literature, the action of NPs with a different
diameter and specific surface is described. Thus, conden-
sation aerosols of electrothermal origin cause formation
of interstitial fibrosis in the inhalation dusting in animals;
condensate of the gas-flame origin gives a rapid formation
of the nodular fibrosis; action of silicon dioxide condensate
causes the death of experimental rats [12].

It has been established that the main target organs
in the inhalation pathway of NPs are lungs, blood vessels
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and heart [13]. It is known that the pathogenetic effect in
the inhalation action of NPs on the human body is associ-
ated with the development of local pulmonary and systemic
inflammation and the further increase of the coagulation
activity in the circulatory bed [14].

Nanoparticles, circulating in the atmospheric air, can
provoke exacerbation of available diseases of the bron-
chopulmonary system [12], increase the risk of mortality
from diseases of the cardiovascular system [15], exert
hepatotoxic and carcinogenic effect [16].

The analysis of the literature data shows that NPs have
a higher toxicity than conventional microparticles; they can
penetrate unchanged through the cellular barriers, circulate
and accumulate in organs and tissues, causing more se-
vere pathological lesions of internal organs (for example,
granuloma formation in the lungs, cirrhosis of the liver, glo-
merulonephrosis), and, also, they are heavily excreted from
the body [2,17-19]. In the nanosized state, any substances
acquire new chemical, physical and biological properties:
they have a large specific surface, high chemical potential,
are of small size and of different form, have high adsorption
activity and are able to accumulate.

To date, there is a classification of nanomaterials,
depending on the chemical composition: metallic nanopar-
ticles, nanoparticles of metal oxides and nonmetals,
semiconductor nanoparticles, nanoparticles from organic
polymers, quantum dots and nanoparticles of organically
modified silicates.

Heavy metals are the most common chemical pollut-
ants, which cover more than 40 chemical elements.

One of the problems of the increasing risk of the respi-
ratory system diseases is large technogenic emissions into
the atmospheric air, which contain ultrafine particles [14].

In recent years, in large megalopolises of the world, not
the total content of substances weighed in atmospheric air is
monitored, but the most dangerous fraction with a particle size
of upto 10 um (PM, ) [20]. In Ukraine, only the total amount of
the suspended substances is determined in, both, atmosphe-
ric air and in the air of the working zone, and this does not give
a complete picture on the composition of the air environment
and, accordingly, on their effect on humans. The problems of
the dust pollution of the urban environment are closely related
on the health problems of residents of large megacities and
are mainly considered in relation to the effect of different
industries on the state of urban industrial ecosystems [21].
The analysis of the literature data show that the questions
on the fractional composition of the urban dust and the dust
in the air of the working zone, as well as the distribution of
finely dispersed fractions in the air of residential and industrial
zones, are being studied quite actively [22-27].

Of particular importance is the assessment of work
conditions and occupational risk in the manufacture and
use of materials, containing NPs, as well as production
processes with formation of the fine dust and NPs.

One of the most important problems in the evaluation
of nanotoxicity is the concept of a «dosey; there is still no
unequivocal opinion on this issue. The total mass of NPs,
their number, the general mass in the investigated volume,
mass or object is used as the dose characteristic. The most
appropriate method is to estimate the dose according to
the general surface of a NP in a unit of volume. In the UK
there are recommended safety-oriented values for the con-

tent of NPs in the air at workplace, which are expressed as
a part of the existing limit of an occupational exposure to
harmful substances (WELs — workplace exposure limits).
Four categories of NPs were identified, sorted by nature
and properties: fibrous nanomaterials, with a high content
of insoluble forms — the estimated limit in the air of the work-
place is 0.01 fiber/ml; nanomaterials (CMAR), classified as
mutagens, allergens, carcinogens and reproductive toxins
—an assumed limit is 0,1*"WEL; insoluble nanomaterials —
an estimated limit of 0,066 * WEL; soluble nanomaterials —
tentative safety limit is 0,5*WEL.

Practically all dust and gas emissions in the examined
metallurgical, engineering and mining industries contain fine
dust fractions up to 80 % of PM, and up to 40 % of PM, .
The disperse composition of the dust in the air of the work-
ing zone depends on the specificity of the technological
process, raw materials and materials. In emissions of many
technological processes there are particles of a nanoscale
range, which require direct studies of their effect on workers.
Alarge volume of scientific research confirms the presence
of the fine dust and NPs in the air of the working zone of
workers in various technological processes at metallurgical,
mining, machine-building enterprises, in construction, etc.
[24-27]. Modern international and domestic standards
provide for using various methods and devices in moni-
toring the content of NPs, which are actively used today
[28]. Now, due to the lack of a clear system for assessing
health risks from NPs, common criteria of harmfulness and
maximum allowable concentrations for most NPs, there is
a need in more strict compliance of protective measures
in contact with NPs and active improvement of measures
on nanosecurity.

Conclusions

High toxicity and health hazards of finely dispersed and
ultra-fine particles confirm the need to control their content
in the air of the populated areas and in the air of the working
zone at industrial enterprises, where, due to technological
processes, suspended particles are formed.

The obtained results of the scientific research should
be used to substantiate the preventive measures on nano-
security in development and implementation of nanotech-
nology for protection the health of workers and the general
population.

Perspectives of further research. Despite the fact
that a great number of research is conducted today on
the content of NPs in the air and on their impact on envi-
ronmental objects and human health, further research is
needed in this direction.

The problems of further research on the effect of NPs
on the human body, development and implementation of
necessary methods and control of nanoparticles, substan-
tiation of safe levels of NPs in objects of the environment
and in work condition, assessment of the health status and
risk levels remain to be actual.
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