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Summary

Introduction: Motor transport with internal combustion engines powered by diesel fuel and gasoline is one of the main sourc-
es of ambient air pollution since its emissions pose an urgent medical and environmental challenge.

The objective of the study was to identify priority types of pollutants from emissions of motor vehicles powered by internal
combustion engines based on the results of a systematic review in order to substantiate the main preventive strategy to mit-
igate the associated public health adverse effects.

Methods: We did keyword search for relevant publications in several electronic databases, such as the Russian Science Cita-
tion Index, CyberLeninka, Scopus, and WoS. Research papers published in 2000-2021 were selected for the analysis. Out of
103 topical full-text publications, 59 works met the criteria for inclusion in the systematic review.

Results: We observed that atmospheric emissions of internal combustion engines represent a complex agglomeration of gases,
vapors, and particulate matter. The chemicals present in the emissions impair the oxygen transport function by inhibiting
cellular respiration, cause irritation of mucous membranes, have mutagenic and carcinogenic effects, contribute to the occur-
rence of acid rains and to global warming. The biological effect of airborne particles largely depends on their size. It has been
established that an increase in the number of airborne particles with an aerodynamic diameter less than 10 pm is associated
with the risk of endothelial inflammation, thrombosis, increased cell permeability, and DNA methylation. It has been also
demonstrated that a 5 pg/m?® increment in ambient concentrations of fine particles (< 2.5 pm) causes a 7 % increase in the
mortality rate. At the same time, PM, , exposure-related risks of excess deaths from cardiovascular diseases are twice as high
as those posed by exposure to PM, .~

Conclusions: Diesel and gasoline engine exhausts are a significant risk factor for human health. An effective preventive strate-
gy should be aimed at replacing heavy hydrocarbon motor fuels by compressed gas using hydrogen cells and electric motors.
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B6ederue. ABTOMOOVIIBHBIVI TPAHCIIOPT C [VM3e/IbHBIMI 1 O€H3MHOBBIMI [IBUTaTe M1 BHyTpeHHero cropanms ([IBC), Bb-
OPOCH KOTOPBIX IIPEICTABIISAIOT aKTyaTbHYIO MeIVIKO-9KOJIOTMUecKyTo ITpo0sIieMy, SIBIISeTCS OJTHVIM 713 OCHOBHBIX VICTOUHI-
KOB 3arpsi3HeHMs aTMOC(epHOTo BO3TyXa.

Leavto viccrieoBaHMS SBIIETCS BBISBIIEHVE TI0 Pe3ysIbTaTaM CHCTEMaTHUeCcKOro 0030pa MPVOPUTETHRIX BUIIOB 3aT PS3HSIO-
VX BEITIECTB B BEIOpOCaX aBTOTPAHCIIOPTA C [ABUTaTeIIMV BHYTPEHHETO CrOpaHNs C IIeJIbI0 OITperieIeH st O0Ie cTpare-
TVIVI TI0 CHVDKEHVIIO CBSI3aHHBIX C HUMM HeOJIarOIpVISITHBIX TIOCTIEICTBUVA [T 30POBbS HaCe IeHVIS.

Memoou. TTovick pesieBaHTHBIX ITyOIIMKALIUI OCYIIECTBIISUICS 110 KIIFOYEBBIM CJI0BaM, Pa3MeIleHHbIM B Oa3ax JaHHbBIX 1 VH-
dopMaIIOHHBIX CICTEMaX, B TOM UVIC/Ie TaKMX 3JIeKTPOHHBIX Oasax maxHbIX, Kak PVHII, KuGepJlernrka, Scopus, WoS.
[ anarm3a OpUIV BEIOpaHBI Hay4dHBIe paboTEI, orryOimKosaHHEIe 3a eprof, 2000-2021 rr. ITo pesyrpraTaMm 11€71€BOro IIo-
VIcKa BBIsABIIeHO 103 ITOITHOTEKCTOBBIe ITyOIMKAIINM, 113 HUX 59 TTOJTHOCTBIO COOTBETCTBYIOT KPUTEPWSM BKJIIOUEHVIS B CVICTe-
MaTI4ecKuv 0030p.

Pesyavmamyt. Tlokasano, uro BeIGpockr [IBC B aTMocdepy IpercTaBiIsIoT coOO¥ CIIOKHYIO arjioMepaliiio ra3os, ITapoB
VI B3BEIIIeHHBIX YacTUII. XVMITIecKyie BeIIleCTBa, IIPVCY TCTBYIOIIE B BRIOpOCcax, HapyIIaloT KMCIOPOITPaHCIIOPTHYIO (DYHK-
IIVIIO, TIOJIaBJIsAsl TKAHEBOE JbIXaHVe, BBI3BIBAIOT Pa3zpakeHVie CIIM3VICTBIX 000JI0UeK, IPOSBIISIOT My TareHHOe M KaHI[eporeH-
HOe JIeVICTBIIE, CTIOCOOCTBYIOT BO3SHMKHOBEHWIO KVCTIOTHBIX JTOXKIIEV M I7T100aIbHOMY TIOTeIIeHMIO. brioytormaeckoe IevicTeie
B3BeIIeHHBIX B BO3[yXe YacTWI] BO MHOIOM 3aBVMICUT OT MX pasMepa. YCTaHOBJIeHO, YTO yBeIMdeHe KOIMIecTBa YacTuL C
a3pOoNIMHaMIIeCKMM AviaMeTpoM MeHee 10 MKM B BO3/Iyxe CBSI3aHO C PVICKOM BOCIIaJIeHWs SHOTeNs, TpPoMOo03a, ITOBHIITIe-
HMS IPOHMLIAeMOCTH KJleTok, MeTwmmposanys JJHK. ITokasano, uTo yBeueHme KOHLIIEHTpALMN B BO3IyXe YacTuL] pa3Me-
PpOM MeHee 2,5 MKM Ha KaK[iple 5 MKI/M® IIPUBOJINT K YBEJIMYEHMIO CMepTHOCTH Ha 7 %. IIpn 3TOM PUCKY [IOIIOIIHWUTE b~
HBIX CJTy9aeB CMEPTY OT Cep/IeIHO-COCYVCTBIX 3a00IIeBaHMVI TPV BO3IEVICTBUVI STVIX YacTUIL B 2 pa3a BBIIIIe TI0 CPAaBHEHWIO
c yacturiamu Oosibiiero pasmepa (PM, ).

3akatouenue. BEIOPOCH aBTOMOOWIIE! C TM3€TTEHBIMY VI O@H3MHOBBIMY JIBUTATeIIIMU BHYTPEHHETO CrOpaHMs SBJISIOTCS 3Ha-
9UTeIBHBIM (PaKTOPOM PUCKa IS 300POBbs HaceleHMs. DdeKTUBHaS cTpaTervsl IIpedoTBpallle s X HeOIarompmsr-
HOTO BO3/IEVICTBUS JOJDKHA OBITH HallpaBjleHa Ha 3aMeHy TSDKeJTBIX YITIeBOIOPOIHBIX MOTOPHBIX TOIUIMB CXKATBIM Ta30M
C VCIIOJIb30BaHVIEM BOOPOIHBIX 3JIEMEHTOB 1 3JIeKTPOIBUIaTesien I TPAaHCIIOPTHBIX CPEICTB.

KirroueBble cj10Ba: aBTOMOOVITBEHBIVI TPAHCIIOPT, BEIOPOCKHI [IBUTaTe el BHYTPEeHHET o CropaHIis, 3arpsi3sHeHvie BO3/iyXa, PUCK
71 37]0OPOBBSL.
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The use of mineral fuel in internal combustion
engines (ICE) of motor vehicles is the largest source
of air pollution [1—3], which is a major public health
concern worldwide [4—8]. Emissions from road
transport account for at least 60 % of the total air
pollution in the United States, Germany and France.
Annual combustion of 31.2 billion tons of motor fuel
in 106 billion tons of atmospheric oxygen generates
137.2 billion tons of additional waste [9]. Cars and
trucks contribute major percent to road transport
exhaust [10].

Exhaust fumes contain from 200 to 300 pollutants
and their compounds [11, 12]. At the same time, the

T0M20 NoC 2022

term “exhaust fumes” cannot be considered completely
correct, since engine emissions include both gases (gas
phase) and fine particulate matter (particulate phase).

The objective of the study was to identify, based
on the results of a systematic review, priority types of
pollutants from emissions of motor vehicles powered
by internal combustion engines in order to substantiate
the main preventive strategy to mitigate the associated
public health adverse effects

Methods. We searched for publications on emissions
from internal combustion engine vehicles in several
electronic databases, such as the Russian Science
Citation Index, CyberLeninka, Scopus, and WoS using

HOMMYNAALUAG THTHEHA
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the following keywords and phrases: “road transport”,
“internal combustion engines”, “air pollution”, and
“health risks”.

The main criteria for including the results of
published works into the systematic analysis were:

— a detailed description of research objects and
methods, a quantitative assessment of exposure to the
key components of hazardous emissions of internal
combustion engine vehicles;

— compliance of the study design and findings to
our research objective, and

— statistical significance of values showing the
intensity of exposure to certain ICE exhaust pollutants
and distribution of related harmful effects.

Research papers published in 2000—2021 were
selected for the analysis, and 59 of 103 topical full-
text publications met the criteria of inclusion in the
systematic review.

Results. Emissions produced by internal combustion
engines powered by hydrocarbon fuels, such as gasoline,

diesel, and fuel oil, are a complex mixture of gas-,
vapor-, and fine particulate-phase materials. Their
major pollutants include carbon dioxide (CO,), carbon
monoxide (CO), nitrogen oxides (NO,), hydrocarbons,
fine, ultrafine and nano-sized carbonaceous particulate
matter (PM), hydrofluorocarbon-134a (HFC-134a),
methane (CH,), nitrous oxide (N,O), ozone (O,),
and other chemicals classified as “hazardous air
pollutants” [13, 14].

To date, characteristics of the major types
of airborne contaminants coming from internal
combustion engines utilizing fuels produced from
heavy hydrocarbon raw materials, products of their
transformation in atmospheric air, and types of
exposure-related adverse human health effects have
been established (see Table).

Judging by the results of recent national and
international research, special attention is paid to
aerosol particulate matter (PM) when analyzing ICE
emissions [15, 16]. This is due to the fact that numerous

Table. Components of internal combustion engine emissions and their potential adverse human health effects
Tabnuya. IMUCCHOHHDBIE KOMIIOHEHTDI IBUTaTeJIeii BHYTPEHHEro CropaHusi 4 HX BO3MOKHbIE BpeTHbIe 3P (eKThI Ha OPraHN3M YeI0BeKa

Products of their transformation
in the atmosphere /
TIpomyKThl MX TpEeBpaILCHHS
B arMocdepe

Exhaust pollutants /
OMHCCHOHHBIE KOMITOHEHTbI

Adverse human health effects /
BpenHoe Bo3zeiicTBHE HA OPraHU3M YeIOBeKa

Gaseous phase /

Tazoeasn ppasza

Carbon monoxide /
Mownookcun yriepozaa, CO

Highly toxic to humans: blocks oxygen saturation of hemoglobin,
thus preventing its transport; affects cytochrome oxidase, thus
impeding tissue respiration; as part of Haldane effect, hampers
oxygen release by hemoglobin in tissues /

CHIIbHO TOKCHYEH JUISL YeoBeKa: OIOKMPYET HAChIIEHHE TeMOIIIO-
GUHA KHCIIOPOIOM, NIPEISTCTBYSI €r0 IIEPEHOCY; BO3ACHCTBYET Ha
LIUTOXPOMOKCHA3Y, 3aTPYy/IHsSA TKAHEBOE JIbIXaHUE; B PAMKaX
(enomena XonaeHa HapyIIaeT OTAAYY KHCIOPOA FTeMOITIOONHOM B
TKAHIX

Nitric acid, ozone /
A30THas KHCI0Ta, 030H

Nitrogen oxides /
Oxcupl a30Ta, NOX

Nitrogen dioxide is an airway irritant and a major precursor to
ozone. Nitric acid contributes to acidification of air and precipitation
(acid rains) /

JIBYOKHCB a30Ta SIBISIETCS Pa3IPaKUTEIIEM AbIXaTeIbHBIX MyTEH U
OCHOBHBIM IPE/IIIECTBEHHUKOM 030Ha. A30THasI KUCJIOTa CII0CO0-
CTBYET 3aKHCJICHHIO aTMOC(HEPHBIX 0CAAKOB (KHCIOTHBIC JOXKIIH)

Sulfur dioxide /
Huoxcun cepet, SO,

Sulfuric acid / CepHast kucnora

Sulfur dioxide is an airway irritant. Sulfur acid contributes to
acidification of air and precipitation (acid rains) /

JInoKcH I cepbl SBIISCTCS Pa3IPakKUTEIEM AbIXaTeIbHBIX ITyTei.
CepHas KHCIIOTa CIIOCOOCTBYET 3aKUCICHUIO aTMOC(EPHBIX 0CAIKOB
(KMCJIOTHBIE JJOXK]IH)

Carbon dioxide /
Yrnekucbiii ra3

Major factor of global warming /
[maBHBII (aKTOpP MI06ATBEHOTO TTOTEILICHHUS

Saturated hydrocarbons
(alkanes, < C19) /
HacslIIeHHbIe YIIeBOAOPO/IbE
(ankansl, < C19)

Aldehydes, alkyl nitrates, ketones /
AJBACTHIBI, AKWITHUTPATBI, KETOHBI

Respiratory tract irritation; reaction products are ozone precursors
(in the presence of NO,_ /

PaznpaskeHne npIxarenbHbIX myTeil. [IpomyKTs! peakiun —
Hpe/IIeCTBEHHUKHU 030Ha (B mpucyTcTBuu NO )

Unsaturated hydrocarbons
(Alkenes, < C5) /
HeHachlleHHbIE yIIeBOIOPO-
1ol (Ankensr, < C5)

Aldehydes, ketones /
AJTbICTUITBI, KETOHBI

Respiratory tract irritation; some alkenes are mutagenic and
carcinogenic; reaction products are ozone precursors (in the
presence of NO ) /

Paznpakenne apixarensHbIX myTeil. HekoTopeie ankeHbl 001a1ar0T
MYTareHHBIMH M KaHIIEPOTCHHBIMH CBOWCTBAMH. [IpOLyKThI
peakiuu — MpeAlIecTBeHHUKH 030Ha (B pucyTcTBrn NO )

Formaldehyde / Carbon monoxide, hydroperoxyl
Dopmainbaeruy radicals /
Okuck yrepoaa, TUAPONEPOKCHIbHbIC
paauKaisl

Formaldehyde is a probable human carcinogen and ozone precursor
(in the presence of NO ) /

Dopmanbaerua sBIsSeTCsA BEpOATHBIM KaHIIEPOTCHOM I YeloBeKa
U IIPEeIIIECTBEHHUKOM 030Ha (B ripucytcTBun NO )

Higher aldehydes (e.g. acrolein) /
Beicume anpaeruas (Hamp.,
AKPOJIEHH)

Peroxyacyl nitrates /
IlepokcuaMIHUTPATHI

Respiratory tract and eye irritation; impairs immunity /
PasnpaskeHne AbIXaTeNbHBIX MyTeH U I71a3; CHUKEHUE HIMMYHHUTETa

Monocyclic aromatic compounds
(e.g. benzene, toluene) /
MoHOIUKINYECKIE apOMaTH-
YecKue COeANHEeHus (Harp.,
OEH30J1, TOIYOT)

Hydroxylated nitro derivatives /
T'unpoxcunupoBaHHble
HHUTPOIPOU3BOIHBIC

Benzene is toxic and carcinogenic to humans; some reaction
products are mutagenic for bacteria (Ames test) /

BeH30I1 TOKCHYEH U KaHLIEPOreHeH JuIs yesioBeka. Hekotopsle
HPOYKTBI PEAKIMH SBIISIOTCS MyTareHHbIMH JUIs OaKTepuii (aHanu3
Diimca)
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Exhaust pollutants /
DMHCCHOHHBIC KOMITOHECHTHI

Products of their transformation
in the atmosphere /
TTponyKThI X TIPEBPAILEHUS
B arMocepe

Adverse human health effects /
Bpennoe Bo3nelicTBIE HAa OpraHU3M YeIOBEKa

PAHs (< 5 rings) e.g.
phenanthrene, fluoranthene) /
[TAY (< 5 xonemn) (Harmpumep,
(heHaHTpeH, PTOpaHTEeH)

Nitro-PAHs (< 5 rings) /
Hutpo-ITAY (< 5 koner)

Some of these PAHs and nitro-PAHs are mutagenic and
carcinogenic to humans /

Hexotopsie n3 atux [TAY n HuTpo-I1AY SBISIOTCS NOKa3aHHBIMH
MyTareHaMH 1 KaHI[epOreHaMu

Nitro-PAHs (2 and 3 rings)
(e.g. nitronaphthalene) /
Hutpo-ITAY (2 u 3 konbla)
(Hamnp., HUTPOHA(TAINHEI)

Quinones and hydroxylated nitro-
derivatives /

XHMHOHBI U THAPOKCUITIPOBAHHBIC
HHUTPOIPOU3BOIHEIC

Some reaction products are mutagenic (Ames test) /
HexkoTopble IPOIYKThI peakiuy 001aIal0T MyTareHHbBIMH CBOWCTBA-
MU (aHaau3 DiMca)

Solid phase / @aza meépovix uacmuy

Elemental carbon /
DneMeHTapHBIH yIIepos

Nuclei absorb organic compounds; the acrodynamic size of less than
1 micrometer allows deep penetration of particles into the lungs
(alveoli), while the size of < 100 nm allows penetration through the
walls of blood vessels directly into the blood flow /

Slnpa ancopOupyoT OpraHUYeCcKHe COCAUHCHYS; a3pOAUHAMIYC-
CKHUIl pa3Mep 4acTUIl MeHee | MKM MO3BOJISICT IPOHUKATh ITyOOKO B
nerkue (ambBeonsl), a mpu pasmepe MeHee 100 HM MPOHUKAIOT Yepe3
CTEHKH COCYJIOB HEIIOCPEICTBEHHO B KPOBOTOK

Magnetite / Maraetur

Plays a role in the development of Alzheimer’s disease /
Buimsier Ha pazButHe Oose3Hu AJblreiimepa

Inorganic sulfates /
Heopraunueckue cynbdarsi

Respiratory tract irritation / Pazgpaxenue bIXaTeIbHBIX Iy TeH

Aliphatic hydrocarbons /
Anmgarngeckue yrieBoaopo-
1wl (C14-C35)

They are oxidized in the air as a result of|
photochemical reactions in the presence
of nitrogen dioxide, forming toxic oxygen-
containing compounds; possibly aldehydes,

Narcotic, possible mutagenic effects. General toxic effects are not
well understood /

Hapxotuueckoe neiictBue, BO3MOXKHO MyTareHHOE JAeHCTBUE.
Oommerokcnueckue PGeKTsl U3ydeHbl HEJOCTATOYHO

ketones and alkyl nitrates. They are the
components contributing to smog /
OKUCIISIOTCS B BO3/YXE B PE3Y/IBTaTe

KHCJIOPOZICOAEPIKAILINE COCAMHCHHS;
BO3MOXKHO, AlIbJIETH/IbI, KETOHBI U
AIKWJIHUTPATHL. SIBISIOTCS OHUM U3

BaHWH CMOTI'a

(DOTOXMMHYECKHX PEAKIUH B IIPUCYTCT-
BUH JIBYOKHCH a30Ta, 00pa3ys sIOBUTHIC

KOMITIOHEHTOB, Y4aCTBYIOIMM B 00pa30-

PAHs (> 4 rings; e.g. pyrene,
benzo(a)pyrene) /

TTAY (4 xonbua u 6onee;
Harpumep, mupeH, OeHs(a)
IIHPEH)

Nitro-PAHs (> 4 rings), nitro-PAH
lactones /

Hurpo-ITAY (4 xonbua u 6onee),
HUTPO-ITAY-11aKTOHBI

Larger PAHs are major causes of carcinogenic effect of combustion
products. Many nitro-PAHs are strong mutagens and carcinogens /
bornee xpynusle [TAY SBISIOTCS OCHOBHBIMH HCTOYHUKAMHU
KaHIIepOTreHHOTo 3¢ eKra B BEIOpOCax MpU CKUTaHUH. MHOTHe
HUTPO-ITAY ABIAIOTCS CHIBHOACHCTBYIONIMMHI MyTareHaMu 1
KaHIEPOrCHaAMH

Nitro-PAHs (> 3 rings; e.g.
nitropyrenes) /

Hurpo-ITAY (3 xonbua u 60-
JIee; HalpUMep HUTPOITMPEHBI)

Hydroxylated nitro derivatives /
TUAPOKCUITHPOBAHHbBIEC HUTPOIIPOU3-
BOJIHbBIC

Many nitro-PAHs are strong mutagens and carcinogens /
Msuorue HUTpo-ITAY SBIAIOTCS CHIBHOASHCTBYIOIMMYI MyTareHa-
MH U KaHL[EPOTeHaMU

Abbreviation: PAHs, polycyclic aromatic hydrocarbons.
AodOpesuarypa: [TAY, nonunukiInueckiue apoMaTHIeCKUe yIiIeBOAOPOIBI.

studies have proven a negative impact of fine particle
on human health, including the incidence [17—20]
and mortality [21, 22] from diseases of cardiovascular
and respiratory systems. Contained fine particles
include nickel, vanadium, sulfates, nitrates, and
silicon compounds [23]. The proportion of nickel in
particulate matter is a marker of air pollution with ICE
vehicle emissions [24]. Fine PM consists of various
airborne objects, such as dust, dirt, soot, smoke, and
liquid droplets [25, 26].

It has been demonstrated that human health
effects of fine particles are largely determined by
their aerodynamic diameter: particles smaller than
10 micrometers (PM, ) are able to pass through the
bronchial tree and accumulate in the lung tissue;
particles smaller than 2.5 um (PM, ;) reach the alveoli,
and those smaller than 0.1 um (PM, ) penetrate the
blood flow [27—30].

Suspended particles smaller than 10 um (PM, )
have no safe exposure threshold and are considered
priority pollutants in terms of public health impact
[31]. The proportion of such particles in ambient air

T0M20 NoC 2022

of industrial cities ranges from 30 % to 60 % of TSP
[32—36] and is mainly attributed to motor vehicle
exhausts, tire and road surface wear, contribution of
which to emissions ranges from 30 % to 40 % [37].
Transport-related PM, ; was found to induce more
pronounced systemic inflammation than industrial
particles of similar composition [38]. Diesel exhaust
is the major source of PM ;j and PM, [39]. Up to
90 % of solid particles emitted by internal combustion
engines powered by hydrocarbon fuels are fine particles
(PM, ;). They are usually used as the most informative
marker of transport-related air pollution intensity
produced by internal combustion engines, including for
assessing the benefits of using various types of motor
fuel, for example, liquefied natural gas compared to
diesel or gasoline as regards their potential adverse
effects on public health [40].

The analysis of big data arrays, cohort studies
and meta-analysis has shown correlations between
PM, air pollution and stoke hospitalizations [41—43]
as well as PM, ; air levels and the risk of stroke [44]
and deaths from ischemic and hemorrhagic stroke
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[45]. It has also revealed that nanoparticles are able
to penetrate alveoli [46] and cause inflammation in
cellular endothelium [47], which induces increased
cell permeability [48] and DNA methylation [49];
arterial fibrillation [50] and autonomous disturbances
[8] are observed, leading to higher mortality rates in
the population. Thus, every 5 ug/m? of increment of
ambient PM, ; level accounts for a 7 % increase in
the mortality rate [51]. At the same time, the risks
of additional deaths from cardiovascular diseases
related to PM, , exposure are twice as high as those
associated with PM  [28].

It is assumed that ultrafine fractions of carbonaceous
particulate matter pose the most serious health challenge
compared to other ICE pollutants [52—55]. Human
exposure to the latter usually occurs in the form of
a three-phase system: “gas — liquid — particulate
matter”, where liquid and partially gaseous phases
are absorbed by solid carbon particles, resulting in
the phenomenon of deep penetration of liquid and
gaseous pollutants to alveoli, the most vulnerable
part of the respiratory system [56—58]. It should be
noted that ICE pollutants, when not carried in the
absorbed form by carbon ultrafine particles, are almost
completely absorbed in the upper respiratory tract.

Fine and nano-sized fractions of carbon particles
are capable of agglomeration and agglutination, which
significantly increases their sorption potential (Figure).

Due to certain biological inertness, elemental carbon
particles that have reached the alveoli are capable of
accumulation in pulmonary tissue, thus increasing
the risk of diseases in the etiology of which carbon
black plays an important role as age and duration of
employment increase.

Thus, both gaseous and especially particulate
phases of emissions from internal combustion engine
vehicles are significant public health risk factors.

Conclusions. Gaseous and aerosol air pollution
attributed to motor vehicles with internal combustion
engines is one of the most important risk factors
for non-communicable diseases in the population.
The gaseous phase of exhaust fumes mainly affects
the respiratory system causing mucous membrane
irritation and gas exchange disturbances. Certain
gaseous emission components have potential or proven

W s |

10.0 A-Rost (Ni-Netz) ME

Figure. Agglomeration of airborne carbon and silicon
nanoparticles in the vicinity of open-pit mines in Kola
Peninsula [59]

PucyHok. ArioMepallMOHHbBIM KOMIUIEKC BUTAKOLLIMX
B BO3/IyXe HAHOYACTHUIL yIJIepoaa U KPeMHHUSsT B pailoHe
pa3MelIeHUs] OTKPBITHIX KapbePOB TOPHOIOOBIBAIOIINX
npennpusituii Konbckoro pernona [59]

mutagenic and carcinogenic properties and suppress
immunity. In addition, gas-phase components of
vehicle emissions contribute to acid rains and global
warming. Health effects of particulate matter emitted
by internal combustion engines are determined
by the aerodynamic diameter of particles that can
accumulate in pulmonary tissue (PM, ), reach the
alveoli (PM, ), and penetrate into the blood flow
(PM, ). Airborne particles affect not only lungs, but
also the cardiovascular system and increase risks of
death from ischemic and hemorrhagic strokes.
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