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Abstract. The quality of air is the main issue that humankind faces every day. It is an essential aspect of health of the
population. The objectives of this research are to determine what pollutants are the most significant and what sources of
pollution are the greatest emitter in Perm.

Data for this study comes from national net of measurements of air pollution of Rosgridromet and researches of air
quality in different areas of Perm. There has been quantitative analysis of results of measurements that was hold close to
valleys of minor rivers Danilikha and Yegoshikha in this study since 2016 to 2022. Air quality was estimated by compar-
ing measurements of concentration of chemical substances with established hygienic standards.

The analyzed data show that the main pollutants in air of Perm are Formaldehyde, Nitrogen Dioxide, Phenol and
Ethylbenzene. Exceedances of maximum one-time concentrations of all significant pollutants were identified. Exceed-
ances of daily mean concentrations of formaldehyde were observed during all the period of study. A possible explanation
for presence of pollutants might be that burning of fossil fuels by transport and by fuel power industry, by impact of
mechanical engineering plants.

The results of this study indicate that the national net of measurements is non-effective and does not give enough
information for estimation of air quality in Perm. We need to measure more pollutants, and to have more monitoring sites
to determine the air quality and the impact of transport or industry or other sources of air pollution on human health.
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urements
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Ouenka kayecTBa aTMOC(EPHOro BO3AyXa B 101uHe pexku Erommuxa u nojaune pexkn Jannnnxa
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AHHOTanusi. ATMoc(hepHbIit BO3IyX — KIII0YeBasi COCTABIISIONIAst )KU3HH Ha 3emiie. 3arps3HeHne aTMoc(epHoro Bo3-
Jtyxa — OCHOBHasl mpo0iiemMa, ¢ KOTOPOH CTaJIKMBAeTCs YEIOBEYECTBO MO BceMy Mupy. KauecTBo aTMocdepHOro Bo3ayxa
B TOpOJIax ABJISIETCS BaXKHOW COCTaBIIAIONIEH 310pOBbs HaceneHud. [lo nanHsiM BecemupHoit opranuszanuuy 31paBooxpa-
HeHus 91% MHUPOBOTO HaceJeHNs IPOXKMBAET B paifoHax, I'7le YPOBEHb 3arPA3HEHUS MIPEBBIIIAET JOITyCTUMBIC 3HAYCHHS.
ITo nanneiM Pocrunpomera B 40 ropogax Poccuiickoit denepanuy ypoBeHb 3arpsi3HEHUS BO3AyXa XapaKTepU3yeTcs Kak
BBICOKUI U OYEHb BBICOKUII.

OcHOBHas 1LIesTb HCCIIeIOBAaHMSI ONIPEAEINTh Hanboee 3HaYNMbIe U ONIACHBIE 3arpsI3HSIONINE BEIECTBa, IPUCYTCTBY-
1omye B Bo3yxe I'. [lepMb, a Takxke BBISIBUTH HICTOYHUKH, KOTOPBIE BHOCSAT HaHOOJBIIMK BKJIA/l B 3arpsi3HEHNE BO3/1yXa.
B craTbe OblIM IpoaHann3npoOBaHbl JTaHHBIE, OJTYYEHHBIE B PE3yJIbTaTe HaOMIOAEHUH Ha TIOCTaX TOCYJapCTBEHHOM CeTH
HaOmonenuit Pornapomera, 3a 2016-2020 rr. Taxoke ObUTH UCIIOIB30BaHbI Pe3yIbTAThl OLIEHKH KayecTBa aTMOC(HEpHOTo
BO3/yXa B Pa3NMUYHBIX paiioHax T. [lepmb. [l omeHKM KauecTBa BO3AyXa OBUIM BRIOpaHBI ITOCTHI HAOMIOACHNH, paco-
JIararoIuecs BOJIM3H JOJIUH MAJIbIX PEK, B CBSA3H C TEM, TOHIKEHHBIE (POPMBI peiibeda CIIoCOOCTBYIOT HAKOIUJICHHIO pa3-
JUYHBIX IpUMecei B aTMocepHOM Bo3ayxe. KagecTBo Bo3ayxa OBLIO OIICHEHO IIyTEM CPaBHEHUS MOTyYSHHBIX Pe3yIlb-
TaTOB U3MEPEHUH CO 3HAYCHUAMH JEHCTBYIOINX THTHEHNIECKUX HOPMAaTHBOB.
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PesynbTaThl aHANN3a JaHHBIX OKA3aJIM, YTO 3HAYNMBIMY 3arPs3HAIONIMME BeIIeCTBaMH B I'. [lepMb sBistoTCs: op-
MalbJerui, a30Ta IMOKCH, HeHO 1 STHIIOEH3011. B Teuenue Bcero nepuosia HabIr0JeH!H ObIIIH BBISIBICHBI IPEBBIICHASA
MaKCHMAJIbHBIX Pa30BBIX KOHLICHTPALUH YKa3aHHBIX BBIIIE 3arpsA3HIOIINX BEIIECTB, a TAKKE IPEBBIICHUS CPEIHECYTO-
YHBIX KOHIICHTpanuii popmansaeruga. [IpucyrcTBue a3ora AHOKCHAA, GOpMabIETHIa U 3TIIOCH30a B aTMOCc(hepHOM
BO3JlyXe Iopojia OOBICHIETCS 3HAUUTEIbHBIMHI BHIOPOCAMU OT CXKUI'AHUSI OPraHUYECKOT0 TOIUIUBA (TPAaHCIIOPT, TEMJIoBast
sHepreTuka). UTo MoATBEpIKAAIOT paHee MPOBEACHHBIE HccienoBanus. [IpucyTcTBrie ¢eHona B Bo3ayxe 0OBSICHICTCS
OJIM30CTHIO MPEANPHUATHI MAITHHOCTPOUTEIHHOTO KOMIUIEKCA K TIOCTaM HaOIIOIeHUH.

Pesynbrathl nccienoBanus BHISIBUIM He3()(PEKTUBHOCTH rOCYyIapCTBEHHOM CeTH HaONIONEHHUH, HEJJOCTATOYHOCTh
MOCTOB HAOJIO/ICHUH 3a 3arpsi3sHeHHneM atMocdepsl B T. [lepMb. B craThe mogyepkuBaeTcs HEOOXOJUMOCTh pacuIupe-
HUSI CeTH HaONIONEHUH M yBEIMYCHHE KOJIMYECTBA M3MEPSEMBIX 3arps3HIOIMX BEIIECTB ISl OOBEKTHBHOM OLIEHKH
Ka4ecTBa aTMOC(EpHOTo BO3yXa B I. [lepMb 1 OlIeHKH BO3ACHCTBHS Pa3IMYHBIX HCTOYHHKOB BEIO POCOB Ha 37J0POBBE
HaceJeHHs.

KnroueBbie c10Ba: aTMOc(epHBIi BO3IyXa, HCTOYHUKH BEIOPOCOB, 3arpsA3HSIOIINE BEIECTBA, THTHEHHIECKHE HOP-
MAaTHBEL, aBTOTPAHCIIOPT, TOCYyJapCTBEHHAS CETh HAOIIOACHHI

s nurupoBanusi: Krouuxuna O.C. OneHKa KadecTBa Bo3ayxa B nonuHax pek Erommxa u JJanmnmxa // AHTporo-
TeHHas TpaHchopmMarus npupoaHoii cpeapl. 2023. T. 9. Ne 2. C. 38-54. https://doi.org/10.17072/2410-8553-2023-2-38-54

Introduction residential quarters and low dispersion in the atmospheric

The air pollution is the vital issue that humankind faces  air [8]. Main pollutants that are emitted by transport are
every day. The quality of air is an essential aspect of health  nitrogen oxides, sulfur dioxide, carbon, carbon oxide,
of the population. formaldehyde, hydrocarbons. Also transport are sources of

According to World Health Organization (WHO) particulate matters that presented by dust from fretting and
report 91% of all population lives in places where level of  attrition of tires [14].
air pollution exceeds established standards. 4.2 million of The monitoring of air quality is the main area of activity
death are result of negative effect of polluted air (2020).  of Federal services for Hydrometeorology and Environ-
According to Rosgidromet final report about activity in  mental Monitoring (2020). The most important guidance
2019 and agenda of 2020, the level of air pollution is  document regulated all part of environmental monitoring is
estimated as ‘very high’ or ‘the highest’ in 40 Russian = Manual of air pollution monitoring (RD 52.04.189-91) that
cities with 13,5 million of population (2020). is published in 1991.

The air quality in city depend on many aspects, which System of measurements was created to reduce
are topographic features, features of buildings, prevailing  negative impact of air pollution on human health [25]. The
wind direction and speed, microclimate features, national net consists of 7 monitoring sites, which are
demographic, industrial and traffic load [26]. located in six different areas of Perm close to main traffic

Evolution of level of air pollution happen by influence  routes and industrial hubs [25]. It is significant dis-
of many factors, which are volume of emission, charac- advantage.
teristics of sources of emission, their location in the There is little quantitative analysis of measurements of
territory of the city, features of building, physico- the concentration of pollutants during the period from 2016
geographical conditions of the city, presence of river, to 2022 in this study. Results of measurements from
prevail meteorological conditions [25]. Topographic featu-  monitoring sites located in valleys of minor rivers are
res, especially presence of low forms of relief (cloughs, analyzed during the study. Conditions which facilitate
valleys of minor rivers) and significant level variations, accumulating of pollutants are formed in valleys of minor
influence on accumulation of pollutants in atmospheric air  rivers due to microclimate features, which are connected

[6, 24]. with level variations.

The major emitters in the city are industrial facilities, Minor rivers cover huge distances and cross over
power plants, waste water treatment facilities and all kinds  residential areas of Perm. The most of valley of Yego-
of transport [4, 27]. shikha river passes through multistoried Motovilihinsky

Industrial plants of different sectors are located in Perm.  and Sverdlovsky areas of Perm. The river is crossed by
Composition of pollution of industrial plants is specific and north dam, middle dam, south dam and Chkalova
combined by pollutants with different level of potential —motorway. There is Bulvar Gagarina motorway of a
danger for the environment and for the human health. For  substantial length along the mouth of the river at a
example, mechanical engineering plants are sources of distance of 0.17-1.02 km.

sulfur dioxide, phenol, metal oxides, such as diiron trioxide, There is territory of industrial area “Yuzni” which is
titanium dioxide, magnesium oxide, aluminium oxide, located 5.4 km to the west form the mouth of Yegoshikha
cupric oxide, chromium [16]. Oil refineries are sources of (JSC «UEC-Aviadvigatel», OJSC «Proton — Perm

hydrogen sulphide, hydrocarbons, mercaptans, some acids ~ Motors», JSC «Remos — Perm Motors», JSC «Reductor —
and aldehydes [14]. Plants of building sectors are sources of ~ Perm Motors», JSC «kELKAM ArtEfficial Lift»). Several

particulate matters and organic compositions [14]. garages, stores, car service and petrol stations are located
Sharp growth of car park, rise of vehicle density, cluster  in the valley of the Yegoshikha river.
of vehicles on main roads and its crossings, lead to growth Valley of Danilikha river passes through multistoried

of volume of emission in the city [4]. Key features of = Dzershinsky and Sverdlovsky areas of Perm. The river is
mobile sources of air pollution are location of exhaust stack  crossed by Chkalova and Shosse Kosmonavtov motor-
of vehicle on the level of human breathing, closeness to ~ ways. There is railway of a substantial length along the
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mouth of the river at a distance of 0.2—1.00 km. The Geroev
Hasana and Vasilya Vasilyeva motorways also length
along the mouth of the Dahilikha river.

There is territory of industrial area “Yuzni” between
Kuibysheva and Geroev Hasana streets which is located
5.4 km from the mouth of Danilikha (JSC «UEC — Perm
Engines»). There is territory of LLC «Prikamskaya
gipsovaya companyay which is located 8.7 km from mouth
of Danilikha river. Several garages, stores, car service and
petrol stations are located in the valley of the Danilikha river.

Materials and Methods

Air quality in valleys of minor rivers (Danilikha and
Yegoshikha) in Perm was estimated by results of
measurements which were conducted in monitoring
stations included into the national net of measurements of
Rosgidromet on the territory of Perm region.

According to National standard 17.2.3.01-86 «Nature
protection. Atmosphere. Air Quality Control Regulations
for Populated Areas» number of monitoring stations is

determined depending on population. 10-20 monitoring
stations are needed for estimation of air quality in cities
with 1 million of population.

There are 7 monitoring stations for measurements of air
quality in 6 areas of Perm. Air quality monitoring station
#12 is located at Kachkanarskaya st., 45, the station #13 is
located at Uralskaya st., 91; the station #14 is located at
L.Shatrova st., 1; the station #16 is located at Pushkina st.,
112; the station #17 is located at crossroad of Glinka st. and
Sviyazeva st; the station #18 is located at Pobedy st., 41;
the station #20 is located at Krupskoi st., 83B. All
monitoring stations are located close to main traffic routes
and industrial hubs.

Data from air quality monitoring stations #14 and 20
which are located at Shatrova st, 1 and Krupskoi st., 83B
was used to estimate air quality in valley of Yegoshikha
river. Data from air quality monitoring station #16 which
is located at Pushkina st, 112 was used to estimate air
quality in valley of Danilikha river (Fig. 1 / Puc. 1).

?Y

Fig. 1. Location of air quality stations
Puc. 1. PacnoJioxkeHHe CTaHIMIT KOHTPOJISI Ka4yecTBa BO3AyXa

Air sampling on the level of human breathing is pro-
ceeded during the measurements of air quality in monitor-
ing stations. After that maximum one-time and daily mean
concentrations of pollutants are determined in the air.

According to interstate standard GOST 17.2.3.01-86
(2005) measurements are conducted daily by continuous
registration and discretely through equal periods of time
minimum four times a day at 01, 07, 13 and 19 local time.
It lets us get information about maximum one-time and
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daily mean concentrations of pollutants. Annual mean con-
centrations of pollutants are calculated.

The list of measured pollutants in air quality monitoring
stations includes 24 items. The list of pollutants with their
classes of hazard and values of maximum permissible con-
centrations is presented on Table 1 / Ta6nuna 1. Classes of
hazard and values of maximum permissible concentrations
are established in Sanitary Rules and Regulations
1.2.3685-21 “Hygienic Standards and Demands to Security
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Support and (or) Harmlessness for Human Health of Hab-
itat Factors” (2021).

The greatest share from all volume of measurements of
emission goes to highly hazardous and moderately hazard-
ous substances. It is around 38 % for both groups. Com-
pared with these two groups of substances share of meas-
urements of enormously hazardous substances is less and
it is 17%. The most significant share of measurements is
conducted for criteria pollutants, such as nitrogen dioxide,

nitrogen oxide, sulfur dioxide, carbon monoxide and par-
ticulate matter.

There are pollutants which are carcinogenic to humans
(Groups 1 and A) and probably carcinogenic to humans
(Groups 2B and B1) in the list. Information about risk in-
dex of carcinogenic effects of measured pollutants accord-
ing to IARC Monographs on the Identification of Carcino-
genic Hazards to Humans and Risk Assessment for Car-
cinogenic Effects is presented in Table 2 / Tabauna 2.

Table 1
The list of measured pollutants
Tab6muma 1
Ilepeyens 3arpsi3HAIONIUX BelIECTB, 0 KOTOPBIM OCYLIECTBJIAIOTCS Hadaoaenus Ha [TH3
Pollutant // 3aepszusowee seuwgecmeo Class of | Value of one- | Value of daily IZZMIZ;? :1]; ZZ‘
hazard // | time MPC, mean MPC, MPC. me/m? //
Code | CAS number // pecu- Kuace | mg/m?// 3ua- | mg/m?// 3na- |5 &
koo | CMPayuonbiLL HOMED Name // naumenosanue onacno- | venue IIK | uenue IIK radenue
c4s cmu w.p., me/m? c.c, me/m? MK c2,
Mm.p., -G 3
me/m
1 2 3 4 5 6 7
0123 1309-37-1 Iron(IlT)oxide // muXKene3o Tpuokcum 3 - 0,04 -
0133 7440-43-9 Cadmium(IT)oxide // Kagmuii okcna 1 - 0,0003 -
0143 B HM;Inganese // MapraHen ¥ ero coeJiHe- 5 0.01 0,001 0.00005
0146 1317-38-0 Cupric oxide / Menp oxcna 2 - 0,002 0,00002
0163 7440-02-0 Nickel // Huxenb u ero coenuHeHus 2 - 0,001 0,00005
0184 7439-92-1 Lead // CBuHen u ero HeOpraHUIeCKue 1 0,001 0.0003 0.00015
COEIMHEHHUS
0203 18540-29-91 Chromium // Xpom 1 - 0,0015 0,000008
0207 1314-13-2 Zinc oxide // IluHK OKCH]T 3 - 0,05 0,035
0301 10102-44-0 Nitrogen dioxide // A3oTta quokcun 3 0,2 0,1 0,04
0303 7664-41-7 Ammonia // AMMuak 4 0,2 0,1 0,04
0304 10102-43-9 Nitrogen oxide // Azota (II) okcng 3 0,4 - 0,06
0316 7647-01-0 Hydrogen chloride // Tuapoxiopun 2 0,2 0,1 0,02
0330 7446-09-5 Sulfur dioxide // Cepa auokcun 3 0,5 0,05 -
0333 7783-06-4 Hydrogen sulfide // Jurnnpocynsun 2 0,008 - 0,002
0337 630-08-0 Carbon monoxide // Yriepona okcun 4 5,0 3,0 3,0
0342 7664-39-3 Hydrogen fluoride // ®dTopuctsie razo- ) 0.02 0.014 0.005
00pa3HbIe COCTUHECHUS
0602 71-43-2 Benzene // benson 2 0,3 0,06 0,005
0616 1330-20-7 Xylene // Kcumombt 3 0,2 - 0,1
0621 108-88-3 Toluene // Tomyon 3 0,6 - 0,4
0627 100-41-4 Ethylbenzene // DTun6enson 3 0,02 - 0,04
0703 50-32-8 Benzo[a]pyrene // ben3(a)mupen 1 - 0,000001 0,000001
1071 108-95-2 Hydroxybenzene // 'nnpoxcuben3on 5 0.01 0,006 0,003
(Denom)
1325 50-00-0 Formaldehyde // ®opmanbaerun 2 0,05 0,01 0,003
2002 i Particulate matter // B3BemeHHsie Be- 3 0.5 0.15 0.075
1eCTBa
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Table 2
Information about risk index of carcinogenic effects of measured pollutants
Tabnuma 2

CBelIeHl/Iﬂ 0 NMOKa3aTeJAX OMMACHOCTH PAa3BUTUA KAHIHCPOTCHHBIX 3(1)(1)€KTOB

Pollutant // 3aepsazusowee sewgecmeo CAS number // pe- Classification // Knaccucjn;icaq;m —
- anitary Rules
/SZZS Name // naumenoganue Zuirgiizugggbm 5\//11,15511/3/ U.S.EPA and Reg’gt}tlations
// CanlluH
1 2 3 4 5 6
0123 | Tron(IMM)oxide // nnXKene3o Tpuokcu 1309-37-1 3 — -
0133 | Cadmium(Il)oxide // Kagmuit oxcup 7440-43-9 1 Bl +
0143 | Manganese // Maprasen i €ro COeJHHEHUS - - D —
0146 | Cupric oxide // Mexnp okcuz 1317-38-0 - — -
0163 | Nickel / Hukens 1 ero coeiMHEHHS 7440-02-0 2B A +
0184 Lead // CBuHen 1 ero HEOPraHMIECKUE CO- 7439-92-1 B B2 .
CANHEHHS
0203 | Chromium // Xpom 18540-29-91 1 A +
0207 | Zinc oxide // LluHk oKcH 1314-13-2 - - -
0301 | Nitrogen dioxide // A3oTa grokcug 10102-44-0 - — —
0303 | Ammonia // AMMuax 7664-41-7 - — —
0304 | Nitrogen oxide // Azota (II) okcun 10102-43-9 - — —
0316 | Hydrogen chloride // Tugpoxmopun 7647-01-0 3 — —
0330 | Sulfur dioxide // Cepa nuokcun 7446-09-5 3 — —
0333 | Hydrogen sulfide // Jurnnpocynsun 7783-06-4 - — —
0337 | Carbon monoxide // Yriepona okcup 630-08-0 - — —
0342 Hydrogen fluoride / ®Topuctsie razoodpas- 7664-39-3 B B B
HbIC COC/IMHCHHS

0602 | Benzene // benzon 71-43-2 1 A +
0616 | Xylene // Kcumomnst 1330-20-7 3 — —
0621 | Toluene // Tomyon 108-88-3 3 — —
0627 | Benzo[a]pyrene // ben3(a)mupen 100-41-4 2B D -
0703 Eg/;i)roxybenzene /I Tuapokcudenzon (de- 50-32-8 1 A .
1071 | Formaldehyde // ®opmanbaerun 108-95-2 3 D -
1325 | Particulate matter // B3emeHHbIe BemecTBa 50-00-0 1 B1 +
2902 | Particulate matter // TBepble 4acTHIIBI - - - -

Thus, measurements of air quality in the monitoring
stations are conducted 4 times a day during the week days
for 24 pollutants. The greatest share from all volume of
measurements goes to highly hazardous and moderately
hazardous substances (79.5%). Maximum one-time and
daily mean concentrations of pollutants are determined in
the air during the measurements. The results of measure-
ments of air quality during the period 2013-2020 are pub-
lished on the web-site “Nature of Perm”. The results of
measurements on monitoring station #14, 20 and 16 have
been used during the study.

Results

The results of measurements on monitoring station #14
that is located to the west of the valley of Yegoshikha at
the distance of 0.99 km and monitoring station #20 that is
located to the east of valley of Yegoshikha at the distance
of 1 km have been used to estimate air quality in the valley
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of Yegoshikha river. The results of measurements on mon-
itoring station #16 that is located to the north-east of valley
of Danilikha at the distance of 0.06 km have been used to
estimate air quality in the valley of Danilikha river.

There is little quantitative analysis of regular measure-
ments of the concentration of pollutants during the period
from 2016 to 2022 in this study.

Maximum one-time and daily mean concentrations
have been determined at monitoring stations during the pe-
riod 2016-2022. The daily mean concentrations have been
determined for following substances: iron (III) oxide, cad-
mium (IT) oxide, manganese, cupric oxide, nickel, lead,
zinc oxide, chromium.

The number of exceedances of concentrations of pollu-
tants, that has been discovered during the measurements on
air quality monitoring stations #14, 16 and 20, according to
data about quality of atmospheric air in Perm (2016-2022)
is presented in Table 3 / TaOnwuma 3.
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The number of exceedances of concentrations of pollutants (AQS Nel4, AQS Nel6, AQS Ne20)

during the period of 20162022

Table 3

Tabmuma 3
O01ree yncs10 NpeBbIIIEHU HA OCTaX HAOIIOAeHU 3a 3arpsi3HeHNeM aTMocdephl
(ITH3 Nel4, ITH3 Ne20, ITH3 Ne16) 3a 20162022
The number of exceedances of maximum one-time concentrations // Obuee uucio npegvliuenull MaKCUMATbHLIX PA306bIX KOHYEHMpayuL
Pollutants // 3aepazusaowue sewjecmeaa
AQS Nel4 // [TH3 Nel4 AQS Nel6 // ITH3 Nel6 AQS Ne20 // ITH3 Ne20)
S S S
Code © ~ oo > S ~ o~ S © ~ % x S ~ N S © ~ o o S ~ N S
# / Name // Haumenosanue S| S S S S 8 N & N S S S S Q Q O N N I N N S IS T I
Ko@ N N N N N N N ~ N N N N N N N ~ N N N N N N N ~
R R R
1 0123 | Iron(II)oxide // muXKene3o Tprokcun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0133 | Cadmium(Il)oxide // Kagmuii okcuz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 | 0143 HM;r;gﬂa"ese // Mapraew st ero coemt- | | 0 0 0 0 0 olojo|o]o|o|lo|lo|[o]O0o]|o0o]|]o0o|O0o|o0o|O0O|oO]|oO
4 0146 | Cupric oxide // Menp okcuz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0163 | Nickel // Hukenb u ero coeuHeHus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 | 0184 | Lead// Conmenn ero neopramie- 0] o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 olo|lo|o] o] o] olo
CKHE COCOUHCHUA
7 0203 | Chromium // Xpom 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0207 | Zinc oxide // Ilunk okcua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 0301 | Nitrogen dioxide // A3oTa qHOKCHI 0 1 1 0 1 1 0 4 1 0 0 0 1 2 3 7 0 2 0 0 1 0 0 3
10 | 0303 | Ammonia // AMMmuak 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 | 0304 | Nitrogen oxide // Azora (II) okcuxn 0 0 0 0 0 0 0 0 1 2 0 1 0 0 1 5 0 0 0 0 0 0 0 0
12 | 0316 | Hydrogen chloride // Tuapoxmopun 0 0 1 7 6 6 6 26 2 0 0 7 10 8 8 35 0 0 0 0 0 0 0 0
13 | 0330 | Sulfur dioxide // Cepa anokcun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 | 0333 | Hydrogen sulfide // lurugpocymsdun | 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 0 0 0 0 1 0 3 4
15 | 0337 | Carbon monoxide / Yraepoaa okcua 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 7 0 0 0 0 0 0 1 1
16 | 0342 | Hydrogen fluoride // @ropuctrie 0] o 0 0 0 0 0 0 0 0 0 0 0 0 0 o lwo|lnlol2]2|6l|ls]?
ra3oo0pasHble COeMHEHNUSI 3
17 | 0602 | Benzene // ber3on 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 | 0616 | Xylene // Kcnmosst 0 0 0 0 0 0 0 0 2 5 6 2 2 1 0 18 0 1 3 0 0 0 0 4
19 | 0621 | Toluene // Tomyon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20 | 0627 | Benzo[a]pyrene // Ben3(a)mupen 0 0 0 0 0 0 0 0 10 11 25 4 18 4 1 73 10 11 8 0 1 1 4 g
21 | 0703 | Hydroxybenzene // Tuapoxenenson | o | o\ o | o | o | 0o | o | o | oo | o] o]o|lo|o]o]olo|lo|o|o|o]|o]o
(Deno)
22 1071 | Formaldehyde // ®opmanbaerun 0 2 3 1 14 0 4 24 0 0 0 0 0 0 0 0 2 8 1 5 3 3 1 ?
23 | 1325 | Particulate matter / Bssemenniic 1l 2] 2o 23|24 0o ]|t |1 |oloflo|l2]3]1|1]lo]1]o0o]o0]e
BEIECTBA
24 | 2902 | Particulate matter / TBepble yacTup! 0 0 0 2 7 0 0 9 0 0 0 0 1 1 3 5 0 0 0 0 0 0 0 0
Total/Bcero 1 5 7 10 32 10 24 16 18 33 15 39 16 17 25 34 13 7 9 66 15
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The number of exceedances of concentrations of pollu-
tants, that has been discovered during the measurements on
the Station #14, located in L. Shatrova st., 1, increased
from one in 2016 to 32 in 2020. The number of exceed-
ances of concentrations of pollutants, that has been discov-
ered during the measurements on the Station #20, located
in Krupskoi st., 83, decreased from 34 in 2017 to 9 in 2020
and sharply increased to 66 in 2022. The total number of
exceedances, that has been discovered during the measure-
ments on the Station #16, located in Pushkina st., 112, fluc-
tuated during seven-year period. The most significant num-
ber of exceedances was observed in 2020, which was 39
cases. The least significant number was 15 and it was ob-
served in 2019.

Exceedances on the station #14 were observed for six
pollutants during the seven-year period. There are highly
hazardous pollutants: hydrogen chloride, hydroxybenzene,
formaldehyde, moderately hazardous pollutants: nitrogen
dioxide, particulate matter, and slightly hazardous pollu-
tants: ammonia. The most significant number of exceed-
ances of maximum one-time concentrations was detected
for hydrogen chloride (26 cases), hydroxybenzene (24
cases) and formaldehyde (24 cases) during the seven-year
period.

The exceedances of the maximum one-time concentra-
tions of hydrogen chloride were identified from 2018 to
2022. The largest number of exceedances was discovered
during the period 2019-2022, there were 6 and 7 cases.
There was only one exceedance in 2018. The extreme value
of concentration was recorded in November of 2022 and it
was 8.3 of MPC.

The most significant number of exceedances of concen-
trations of hydroxybenzene was identified on the station
#14, which was 14 cases in 2020. The number of exceed-
ances of concentrations of hydroxybenzene fluctuated
from 1 to 4 cases a year during the remaining period of
study. The extreme value of concentration was recorded in
Januay of 2022 and it was 3.0 of MPC.

The exceedances of the maximum one-time concentra-
tions of formaldehyde were identified from 2018 to 2022.
The largest number of exceedances was discovered in
2022, there were 14 cases. The number of exceedances of
concentrations of formaldehyde fluctuated from 1 to 3
cases per year during the remaining period of study. The
extreme value of concentration was recorded in July of
2022 and it was 1.9 of MPC.

Smaller number of exceedances of particulate matter (7
cases) was observed. There was only one exceedance of
nitrogen dioxide and ammonia.

Exceedances of maximum one-time concentration of
particulate matter were observed in 2019 and 2020. The
largest number of exceedances was identified in 2020.
There were 7 cases a year. There were 2 cases in 2019. The
extreme value of concentration was recorded in June of
2020 and it was 2.2 of MPC.

Ammonia and nitrogen dioxide once exceeded maxi-
mum permissible concentration. The extreme value of con-
centration of nitrogen dioxide was recorded in May of 2021
and it was 1.7 of MPC, while the extreme value of concen-
tration of ammonia was recorded in August of 2021 and it
was 1.3 MPC.

Mean daily concentration of nitrogen dioxide exceeded
maximum permissible concentration during all period of
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study. The largest number of exceedances was identified in
2020. There were 4 cases a year. The number of exceed-
ances of mean daily concentrations of nitrogen dioxide
fluctuated from 1 to 3 cases a year during the remaining
period of study. The extreme value of concentration was
recorded in February of 2018 and it was 1.9 of MPC.

Exceedances of mean daily and one-time maximum
permissible concentration of other chemical substances
were not observed on the station #14.

Exceedances on the station #20 were observed for eight
pollutants during the seven-year period. There are highly
hazardous pollutants: hydrogen sulfide, hydrogen fluoride,
hydroxybenzene, formaldehyde, moderately hazardous
pollutants: nitrogen dioxide, carbon oxide, xylene,
ethylbenzene. The most significant number of exceedances
of maximum one-time concentrations was detected for hy-
drogen fluoride (93 cases), ethylbenzene (35 cases), and
hydroxybenzene (phenol) (23 cases) during the seven-year
period.

The exceedances of one-time concentration of hydro-
gen fluoride was identified during six out of seven years of
study. There were not any exceedances in 2018. The most
significant number of exceedances of concentrations of hy-
drogen fluoride was identified on the station #20, which
was 62 cases in 2022. The lowest number of exceedances
(2 cases) was identified in 2019 and 2020. The greatest
value of concentration was recorded in February of 2017
and it was 1.8 of MPC.

The most significant number of exceedances of concen-
trations of ethylbenzene was identified on the station #20,
which was 10 and 11 cases in 2016 and 2017 respectively.
There were 8 cases of exceedances in 2018, but this num-
ber decreased to one in 2020. The extreme value of con-
centration was recorded in July of 2022 and it was 7.8 of
MPC.

The most significant number of exceedances of concen-
trations of hydroxybenzene was observed in 2018, which
was 8 cases a year. The number of exceedances fluctuated
from 1 to 5 cases per year during the remaining period of
study. The extreme value of concentration was recorded in
July of 2021 and it was 2.2 of MPC.

The least number of exceedances was detected for for-
maldehyde (6 cases), xylene (4 cases) and hydrogen sulfide
(4 cases). Singular exceedances of maximum one-time
concentrations of nitrogen dioxide and carbon oxide were
observed during the all period of study on the station #20.

Only one case of exceedance of maximum one-time
concentration of formaldehyde was identified during all
period of study, but there were 3 cases of exceedances in
2016. The extreme value of concentration was recorded in
February of 2016 and it was 1.3 of MPC.

The exceedances of maximum one-time concentration
of xylene were observed two times during period of study
in 2017 and 2018. There were 3 cases in 2018, the exceed-
ance was observed once in 2017. The extreme value of con-
centration was recorded in October of 2022 and it was 1.8
of MPC.

The exceedances of maximum one-time concentration
of hydrogen sulfide were observed three times during pe-
riod of study in 2020 and 2021. There were 3 cases in 2021,
the exceedance was observed once in 2020. The extreme
value of concentration was recorded in January of 2021 and
it was 1.3 of MPC.
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Carbon oxide and nitrogen dioxide once exceeded max-
imum permissible concentrations. The extreme value of
concentration of nitrogen dioxide was recorded in January
of 2017 and it was 1.5 of MPC, while the extreme value of
concentration of carbon oxide was recorded in February of
2021 and it was 1.8 of MPC.

Exceedances of mean daily and one-time maximum
permissible concentration of other chemical substances
were not observed on the station #20.

Exceedances on the station #16 were observed for nine
pollutants during the seven-year period. There are highly
hazardous pollutants: hydrogen chloride, hydrogen sulfide,
formaldehyde, moderately hazardous pollutants: nitrogen
dioxide, nitrogen oxide, xylene, ethylbenzene, particulate
matter, and slightly hazardous pollutants: carbon monox-
ide. The most significant number of exceedances of maxi-
mum one-time concentrations was detected for ethylben-
zene (73 cases) during the seven-year period.

The most significant number of exceedances of concen-
trations of ethylbenzene was identified on the station #16,
which was 25 and 18 cases in 2018 and 2020 respectively.
The number of exceedances was 10 and 11 cases in 2016
and 2017. The lowest number was identified in 2022, when
there was 1 case a year. The extreme values of concentra-
tion were recorded in January of 2019 and it was 7.9 of
MPC and in June of 2017 and it was 6 of MPC. The value
did not exceed of 3.5 of MPC level during the remaining
period of study.

The least number of exceedances of one-time concen-
tration of hydrogen chloride and xylene was identified dur-
ing the whole period of study, it was 35 cases and 18 cases
a year respectively.

The exceedances of maximum one-time concentration
of hydrogen chloride were observed in 2016, 2019 — 2022.
The most significant number was identified in 2020 and it
was 10 cases per year. The exceedances of maximum one-
time concentration of hydrogen chloride were observed
twice in 2016. The extreme value of concentration was rec-
orded in August of 2016 and it was 3.0 of MPC and in June
0f 2019 and it was 2.9 of MPC.

The exceedances of maximum one-time concentration
of xylene were observed during the whole period of study.
There were 5 cases in 2017, the exceedance was observed
6 times in 2018. The extreme value of concentration was
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recorded in August of 2020 and it was 3.7 of MPC. The
maximum permissible concentration was exceeded twice
during the remaining period. The extreme value of concen-
tration was recorded in January of 2019 and it was 6.6 of
MPC and in May of 2018 and it was 4.3 of MPC.

The least number of exceedances was detected for car-
bon monoxide (7 cases), nitrogen dioxide (7 cases), nitro-
gen oxide (5 cases) and particulate matters (5 cases). Sin-
gular exceedances of maximum one-time concentrations of
hydrogen sulfide and formaldehyde were observed during
the whole period of study on the station #16.

The exceedances of maximum one-time concentration
of carbon monoxide were observed in 2020. There were 7
cases. The extreme value of concentration was recorded in
February of 2020 and it was 2.3 of MPC.

The exceedances of maximum one-time concentration
of nitrogen dioxide were observed in 2016, 2020, 2021 and
2022. There were from 1 to 3 cases a year. The extreme
value of concentration was recorded in January of 2021 and
it was 2.3 of MPC.

The exceedances of maximum one-time concentration
of nitrogen oxide were observed in 2016, 2017, 2019 and
2022. There were from 1 to 2 cases a year. The extreme
value of concentration was recorded in August of 2017 and
it was 1.8 of MPC.

The exceedances of maximum one-time concentration
of particulate matters were observed from 2020 to 2022.
There were from 1 to 3 cases a year. The extreme value of
concentration was recorded in May of 2021 and it was 3.0
of MPC.

The exceedances of maximum one-time concentration
of hydrogen sulfide were observed once in 2018 and
2020, the exceedances of formaldehyde were observed in
2018 and 2019. The extreme value of concentration of hy-
drogen sulfide was recorded in February of 2018 and it
was 1.1 of MPC. The extreme value of concentration of
formaldehyde was recorded in April of 2019 and it was
1.2 of MPC.

Exceedances of mean daily and maximum one-time
concentration of other chemical substances were not ob-
served on the station #16.

The analysis of measurements of maximum one-time
concentration of pollutants during 2016-2022 on the station
#14, 20 and 16 is presented in Table 4 / Ta6nuua 4.
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Analysis of results of measurements of maximum one-time concentration of pollutants

on air quality stations during the period of study 2016-2022

Table 4

Tabnuma 4
AHaJau3 pe3y1bTaTOB HAOI0AeHUI HA MOCTAaX HAOJII0eHUI 3a 3arpsi3HeHueM aTMOC()EePHOT0 BO3IyXa
3a MAKCHMAJbHBIMHU PAa30BbIMH KOHIEHTPALUsl 3arpsa3Hsomux semects 2016-2022
Pollutants / 2016 2017 2018 2019 2020 2021 2022
3azpﬂ3HﬂIOM4M€ sewecmesa
3
*35)§§ *ib§§ *ib§§ *ib§§ *ib\% *aé *3*6§§
* * * * * * *
2 S| 2 |SYSH S| 2|50 S E| 2|50 | S| S| 2|50 S S 250|828 250] s
Code// | Name// S| 3|S5y S| I|SE5YS|SSE LS| S35 |8y S35 8453|508y 3]35)s58
Koo Haumenoeanue S| TS s s | IR Sy S| PS| g S| s =3 | 53 S| s 2 5§ S| X | SE| sy x| 2| ¥ 83
|95 |85 |85 S| /5 S| S5 §Q§ S| /s
AQS Nel4 // TIH3 Nel4
1| o301 | Nitrogen dioxide// - - — |14 |14 |10 | 1 | 12 ] 12| 0902 1 - - — |13 133009 | 1 | 17| 17| 2505 | 1 - - - -
Jlnokcun a3ora
2 0303 Ammonia // AMMuak - - - - - - - - - - - 1.2 1.2 10.03 2 - - - - - - -
3| o316 | Hydrogenchloride// 21 | 21 | 28.02 1 11| 24 | 2608 | 7 | 10| 152309 6 | 11| 13| 1608 | 6 | 1.1 |83 ] 1511 | 6
XJIOpUCTBIH BOIOPOJ
4 | 1071 | Hydroxybenzene / - - ~ || nr | 1603 | 2 | L1 | 14 | 1402 3 1.7 | 17 | 2407 | 1 | 1.1 | 29 | 03.06 | 14 - - ~ |12 | 3 | 1001 | 4
T'upokcubenson
5 | 1325 | Formaldehyde// 68 | 68 | | 1 | 11|18 | 3t08 | 2 | 11| 11 1310 2 - - - |1 150906 | 2 | 11| 17| 2008 | 3 | 11|19 1807 | 14
Dopmanbrerun 02
6 | 2002 | Particulate matter // - . - - - 14 | 14 | 2506 | 2 | 1.6 | 22 | 2906 | 7 - - S - -
TBepable UaCTHIIBI
Total number of exceedances of
MPC // Ob1iee KoJIM4ECTBO 1 5 7 10 32 10 24
npesbimenuii IJIK
AQS Ne20 // TTH3 Ne20
1| o301 | Nitrogen dioxide // - - ~ |13 |15 0901 | 2 - - - - - - — |12 | 12 ] 1611 1 - - - - - - -
Jlnokcun azora
2 | 0333 | Hydrogensulfide// - - - - - - - - - - - - |1 |1 ]o703| 1 | 13| 132801 3 - - - -
Cynbbua Bogoposa
3 0337 Carbon oxide // Ox- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1.8 1.8 19.02 1 _ — — _
cujl yraepoaa
4 | 0342 | Hydrogenfluoride sy iy o 04y g g o300 |1 - - - 11| 1s forar | 2 | 11| 120608 | 2 | 11|13 ] 1208 6 | 12| 78| 1307 | 62
DropHCTBIH BOLOPOJL 07
5 0616 Xylene // Kennon — — — — 1.1 1.1 18.02 1 1.8 1.8 08.05 3 — — — — — — — — — — — — — — — —
6 | 0627 | Ethvlbenzene// 1125 2% [ w012 3 | 2400 | 11| 11| 18| 1605 8 - - - —l12 121106 | 1 | 14| 22] 1607 | 4 | 14| 14| 2503 | 1
DTUndeH30I 05
7 | 1071 | Hydroxybenzene// 22 [ 2 2 1] e | 200 | 8 | 15| 15| 1303 1 11| 14 [ 19090 | 5 | 10| 131804 | 3 | 15] 150609 | 1 | 11| 18] 20.10] 3
I'uapokcubenson 03
g | 1325 | Formaldehyde 3 | T s | foesoo | 1| 12| 12| 2611 1 - | - - — |12 | 12 | 3011 1 - - - - - - -
//DopMalbIeriI 02
Total number of exceedances
of MPC // Ob1iee Kou4ecTBO 25 34 13 7 9 15 66
npesbimenuii IJIK




Ly

Pollutanss // 2016 2017 2018 2019 2020 2021 2022
3azpsazusiowue sewecmsa
g
% ib N % io S % io L % io N, % io L % a S % a NE}
* * * * * * *
o S| 2| SO SH S| 2| Se v S eyt S g se vy E g sHE Ry
Code// Name // S N Sx 5% S N Sk Sx| S N SX 3 % S N S X S | S I S X S | S = <& S | S = S X 5%
S | 23 g S X3 | 2% S 23| S D S S | LI | S = = <9 S | L3 | €
Koo Haumenosanue SR8 58 3| = = | 5§ X | = | §E5 | | S S| 58 | R = | 5§ S| S| S |83 x| % §= | §§
S| 3| fY=5 8|5 |85 8|5 |83 |8 |5 |55 |35 |57 |5 |38 |758|5]|§¢|77
S| 95 | 95 | 95 S| S5 5|85 S § S | [R5
AQS Nel6 // TTH3 Nel6
1| o301 | Niwogendioxide /s )y, ) 12 S I _ S - 2z foto | 1 |23 23 501 | 2 | 13| 2 | 202 3
Jlnokcun azora 02
2 | o304 | Nitrogenoxide// 33| 2 0 | 13| 18| 1508 | 2 1.6 | 1.6 | 21.09 | 1 - - - | - - - L1 | 11| 1705 | 1
Okcup azora 02
3 | 0316 | Hydrogenchloride// |, 5 | 304, - - - - - - - 1329|1906 | 7 | 11| 172700 | 10| 11| 17| 1808 | 8 | 12|26 0911 | 8
Xnopuz Bogopoaa 08
4 | 0333 | Hydrogensulfide// - - - - - - - - | 1| 11| 1002 1 - - - - - - - - - - 13 | 13 | 0908 | 1
Cynb¢ua Bogoposa
Carbon monoxide //
5 0337 MoHnookeun yrie- - - - - - - - - - - - - - - - 1.1 2.3 22.02 7 - - - - - -
pona
6 | 0616 | Xylene // Kewnon 14 | 16 %% 2 | 1229|0606 | 5 | 12| 43 | 1605 6 66 | 66 | 2101 | 2 | 37| 37| 0308 | 2 | 14| 14| 0109 | 1 - - -
7 | 0627 | Ethylbenzene// 1724 |2 10 |12] 6 | 0606 | 11 | 13] 35 1605 25 15179 | 2100 | 4 | 12342002 18 | 14|34 0109 | 4 | 12| 12] 1211 1
DTUI0EH30I1 02
g | 1325 | Formaldehyde// - - - - - . . — | 1| 1| 2002 1 12 | 12 | 1604 | 1 . . . . . . . . - - -
Dopmanbaerug
9 | 2902 | Particulate matter // N - N - - . - 22l 2| 1 30301705 | 1 | 11| 16| 2206 | 3
TBepable UaCTHIIBI
Total number of exceedances of
MPC // Ob1ee KOJIHYECTBO 16 18 33 15 39 17
npesbimenuii MK

Tlpumeuanue: // Note:

* MIN — Minimal concentration from rage of exceedances, MPC // MUH — Munumanvhas KoHyeHmpayus u3 oowe2o 4ucia ciyiaes npesviuierus 6 0oaax 1K m.p.
** MAX — Maximal concentration from rage of exceedances, MPC // MAKC — Makcumanshasi KoHyenmpayusi u3 0duje2o wucia cuyiaee npesviuierus ¢ ooasx IJAK m.p
*** Date of MAX — Data of detecting of maximal concentrations // [Jama MAKC — Jlama obnapysicenus MaKxCUMAaibHbIX NpebluleHul
***% Number — Total number of exceedances of MPC during the year // Qucno — Obwee uucino ciyuaes npesviuenus [1/[K ¢ meuenue 2ooa
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Analysis of data of national annual report «About sani-
tary and epidemiological welfare of the population in Perm
region» was held during the study (2016-2022).

The tendency of decline of level of primary disease in-
cidence of child population was observed during the period
of study. The number of primary diseases reduced by 20%
from 2230.7 per 1000 child population in 2016 to 1782.4
per 1000 child population in 2021. But regional level was
greater than national level by 304 per 1000 child popula-
tion during the all period of study.

The level of primary disease incidence of adult popula-
tion fluctuated during all period of study. The minimum
was recorded in 2021 and was 545 per 1000 adult popula-
tion. The extreme level was recorded in 2021 and was
687.2 per 1000 adult population respectively. The regional
level of primary disease incidence of as child population as

adult population was higher than national level by 33 per
1000 adult population.

Diseases of respiratory system were prevailing within
primary disease incidence of child and adult population.
They had 68% (average for the period 2016-2021) of pri-
mary disease incidence of child population and 34% (aver-
age for the period 2016-2021) of adult population.

Diseases of eyes (2.8%) and ears (2.5%) went after dis-
eases of respiratory system within primary disease inci-
dence of child population. Diseases of blood circulatory
system (5.9%), diseases of eyes (3.6%) and ears (3.3%) had
significant shares in primary disease incidence of adult
population.

Analysis of levels of primary disease incidence of child
and adult population of Perm region is presented in Ta-
ble 5 / Tabauna 5.

Table 5

Analysis of level of primary disease incidence of population of Perm region
(per 1000 population) during the period of study 2016-2021

Tabmuma 5

AHaJu3 ypoBH# 3a60sieBaeMocTH HacejleHust [lepMckoro kpas no kiiaccam 6oJie3Hei
(na 1000 nacenenust) 2016-2021

Level of primary disease incidence (per 1000 population) // Yposenv nepsuunou saboaresaemocmu (na 1000 nacenenus)
2016 2017 2018 2019 2020 2021
X8 3 X8 3 X8 3 X8 3 X8 3 X8 3
£2 | % £5 | £ £5 | % £: | % £2 | £ £S5 | %
S 2 ) 2 S g S 2 S 2 S 2
= S s & ol S ol = s < s =
Child population // Jletckoe HacelieHHE
Total / Bcero 2230,7 | 17944 | 2216,9 1758,2 2136,9 | 1751,2 | 2051,6 | 1724,4 | 1586,9 | 14854 | 17824 | 1662,9
Neoplasm // HoBoo6pa3zoBanus 4,4 4,8 4.4 4,8 4.8 4,7 4,7 49 3,9 4,1 4,3 4,6
Diseases of the blood and hematopoi-
etic organs // bone3Hu KpoBH U KpoBe- 28,8 13,8 29,3 12,4 27,1 11,9 21,7 11 12,3 9,0 12,1 9,4
TBOPHBIX OpTaHOB
Diseases of the endocrine system // 249 | 157 | 238 15,1 232 | 153 | 226 16 139 | 133 145 | 143
Bonesnn SHJAOKPHUHHOH CHCTEMBI
Diseases of the nervous system // Bo- 37,2 37,3 36,4 35,5 33,5 35,1 32,5 342 32,9 28,7 34,8 30,5
JIE3HU HEPBHOU CHCTEMBI
Diseases of eyes // Bonesnu rnasa 71,5 59,7 67,5 57,3 68,4 57,1 63,2 53 36,7 39,0 39,3 41,5
Diseases of ears // Bone3nu yxa 68,5 49,6 61,9 47,6 54,5 46,9 50,9 45,4 34,7 354 38,2 38,6
Diseases of the blood circulatory sys-
tem // Bonesuu cuctemMbl KpoBooOpa- 8.3 7 8.3 6,8 7,5 6,5 6,6 6,3 5,0 5,0 54 53
[IEHUS
Diseases of the respiratory system // 14513 | 1187 | 14997 | 11745 | 14392 | 1173,8 | 13982 | 1159,9 | 1102,5 | 1018,6 | 1251,0 | 1145,0
Bonesnn OpraHoOB JAbIXaHHUS
Congenital defects // Bponnentie 26,5 11 26,2 43 28,2 10,4 28,4 10,5 11,5 8.8 12,0 9,1
aHOMaJIMnu
Adult population // B3pocnoe Hacenenue
Total // Beero 619,9 551,6 591,6 545 608,4 546,6 617,2 548,3 624,1 578,5 687,3 654,7
Neoplasm // HoBooGpa3oBaHust 16,7 13 16,2 13,1 16,4 13,4 17,8 13,7 12,0 11,3 12,8 11,6
Diseases of the blood and hematopoi-
etic organs // Bone3Hn KpoBH 1 KpoBe- 2.8 2,6 2,5 2,6 1,9 2.4 2 2,5 1,6 1,8 1,6 2,0
TBOPHBIX OpPTaHOB
Diseases of the endocrine system // 11,9 13 10,9 13,2 10,4 12,1 10,9 13,5 9,3 10,0 10,0 10,1
Bonesnn OHJAOKPHUHHOH CHCTEMBI
Diseases ofthei nervous system // bo- 7.8 9.7 3 9.7 8.2 9.4 8.1 9.6 74 8.2 7.5 8.9
JIE3HU HEPBHOU CHUCTEMBL
Diseases of eyes // bone3nu riaza 26,7 25,9 23,4 24.4 22,8 24,6 23 23,7 18,7 19,6 18,8 19,9
Diseases of ears // Bone3nu yxa 21,5 21,1 21,2 222 21,1 20,4 22,9 20,1 18,5 16,8 18,7 17,0
Diseases of the blood circulatory sys-
tem // Bone3Hu cucTeMbl KpoBOOOpa- 36,6 37,5 32,3 449 35 38,9 38 42,1 40,2 35,4 39,9 36,7
IEHUS
Diseases of the respiratory system // 179 1629 | 190,7 | 1721 208 167,5 | 2071 | 1647 | 253,01 | 213,7 | 2548 | 2283
bone3nun OpPraHOB ObIXaHUS

Discussion
The tendency of increase of cases of exceedances of

exceedances fluctuated between 32 and 39 cases per year
last three years.

concentration of chemical substances in atmospheric air
was discovered during this study. The number of cases of

The exceedances of six chemical substances were ob-
served on the station #14, exceedances of eight chemical
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substances were observed on the station #20 during the pe-
riod of the study. The highest number of chemical sub-
stances which were exceeded was 9 and was observed on
the station #16.

Formaldehyde and nitrogen dioxide are in the list of
chemical substances which were exceeded on all stations.

There were recorded exceedances of maximum one-
time concentrations of formaldehyde on the station #14
every year. Exceedances of formaldehyde were observed
on the station #16 in 2018 and 2019. Exceedances of for-
maldehyde were observed on the station #20 in four years
out of seven (2016, 2017, 2018 and 2020). The extreme
value of concentration of formaldehyde was recorded in
February of 2016 on the station #14. The extreme value on
the other station didn’t exceed 1.3 of MPC.

There were recorded exceedances of mean daily con-
centrations of formaldehyde on the station #14 every year.
The most significant number of exceedances of concentra-
tions of formaldehyde was identified in 2017 and 2020
which was 6 cases per year. The extreme value of concen-
tration of formaldehyde was recorded in July of 2020 and
was 2.0 of MPC.

There were recorded exceedances of maximum one-
time concentrations of nitrogen dioxide on all stations in
four years during the all period of study. Exceedances of
nitrogen dioxide were observed on the station #16 in 2016
and 2020-2022, on the station #14 in 2017-2018, 2020—
2021. Exceedances of nitrogen dioxide were observed on
the station #20 in two times in 2017 and 2020. The extreme
value of concentration of nitrogen dioxide was recorded in
May of 2021 on the station #14. The extreme value on the
other station didn’t exceed 1.5 of MPC.

The exceedances of mean daily concentrations of nitro-
gen dioxide were identified on the station #14 every year.
The most significant number of exceedances of concentra-
tions was identified in 2020 which was 4 cases per year.
The number of exceedances fluctuated from 1 to 3 in other
years during the study. The extreme value of concentration
of nitrogen dioxide was recorded in February of 2018 and
was 1.9 of MPC.

Exceedances of formaldehyde and nitrogen dioxide in-
dicate significant rate of emission of fossil fuels burning,
including burning in internal combustion engine of cars
[5]. Monitoring station is located close to main traffic
routes.

This result was confirmed by results of measurements
which were conducted in Dzershinsky area of Perm city
according to a contract with local government (2009;
2020). The same results were reached in cities of the USA
and Europe during the studies which are holding in the
University of West Virginia, in laboratory of applied ther-
modynamics of Aristotle University of Thessaloniki and
in the Joint Research Centre of European Commission
[10, 19].

Presence of exceedances of mean daily concentration
of formaldehyde is approved by earlier studies. Mean daily
concentration of formaldehyde exceeds permissible con-
centration in the cities. The tendency of increasing of con-
centration was found over the last years. Value of mean
daily concentration of formaldehyde changed slightly from
1992 to 2006, but it has always exceeded permissible con-
centration. Value of formaldehyde has been increased

49

since 2006 and it changed from 0.006 to 0.014 mg/m?
(MPC = 0.01, it changed in 2014 from 0.003).

The maximum values of concentration of formaldehyde
are identified in warm part of the year (May-August) in
Perm as well as it is in the majority of cities. The most sig-
nificant values of concentration are between 0.009 and
0.018 mg/m® in summer time. The winter maximum is
formed by December [25].

Clearly defined summer maximum of value of concen-
tration of formaldehyde is explained by transformation air
under the influence of high summer temperatures and sig-
nificant solar intensity [3]. The concentration of formalde-
hyde in the air, which is formed from emission of hydro-
carbons, increases under the intensification of photochem-
ical processes. The winter maximum is connected with
emission of industry and transport [5].

According to researches nitrogen dioxide is the next
high-priority chemical substance in the cities. This sub-
stance is emitted by all factories and transport in the cities
[7]. Nitrogen dioxide is formed during the photochemical
reactions. Nitrogen dioxide takes part in process of gen-
eration of formaldehyde and photochemical smog. The
average concentration of nitrogen dioxide has changed
between 0.04 and 0.05 mg/m?. The most significant val-
ues of concentration of NO» are observed in the winter
part of the year [3].

The prevailing shares of diseases of respiratory system
within primary disease incidence of child and adult popu-
lation also confirm annual exceedances of mean daily con-
centrations of formaldehyde and nitrogen dioxide. Accord-
ing to “Human Health Risk Assessment from Environmen-
tal Chemicals” nitrogen dioxide has a negative effect on
respiratory system and blood system during inhalation.
Formaldehyde is also dangerous to respiratory system and
can affect the eyes and immune system.

The most significant and the most frequent exceed-
ances of concentration were identified for the next chemi-
cal substances: ethylbenzene (108 cases of exceedances),
hydrogen fluoride (93 cases), hydrochloride (61 cases of
exceedances) and hydroxybenzene (47 cases of exceed-
ances).

The exceedances of maximum one-time concentration
of ethylbenzene were identified in two stations #20 and
#16. The most significant number of exceedances of con-
centrations of ethylbenzene was identified on the station
#16, which was 25 and 18 cases in 2018 and 2020 respec-
tively. There were 11 cases of exceedances in 2017, but
this number decreased to one in 2022. The extreme value
of concentration was recorded in January of 2019 and it
was 7.9 of MPC.

The significant number of exceedances of concentra-
tions of ethylbenzene was identified on the station #20,
which was 11 and 10 cases in 2017 and 2016 respectively.
The extreme values of concentration were recorded in Jan-
uary of 2017 and it was 3.0 of MPC.

Ethylbenzene is the part of emission of petrol station
and of burning fossil fuels in internal combustion engines
of transport. Exceedances of concentration of ethylbenzene
is explained by high level of transport emission.

The most significant number of exceedances of concen-
trations of hydrogen fluoride was identified on the station
#20 and was 62 cases in 2022. The number of exceedances
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of concentrations of hydrogen fluoride fluctuated from 2 to
10 cases a year during the remaining period of study. The
extreme value of concentration was recorded in July of
2022 and it was 7.8 of MPC.

Exceedances of concentration of hydroxybenzene
demonstrate negative effect of machine-building industry.

The most significant number of exceedances of concen-
trations of hydroxybenzene was identified on the station
#14, which was 24 cases in 2020. The number of exceed-
ances of concentrations of hydroxybenzene fluctuated
from | to 4 cases a year during the remaining period of
study. The extreme value of concentration was recorded in
January of 2022 and it was 3.0 of MPC.

The most significant number of exceedances of concen-
trations of hydroxybenzene on the station #20 was ob-
served in 2017, which was 8 cases a year. The number of
exceedances fluctuated from 1 to 5 cases per year during
the remaining period of study. The extreme value of con-
centration was recorded in October of 2022 and it was 1.8
of MPC.

Exceedances of concentration of hydroxybenzene
demonstrate negative effect of machine-building industry.

Exceedances of maximum one-time concentration of
hydrogen chloride was identified on the station #14 and
#16. The exceedances of the maximum one-time concen-
trations of hydrogen chloride on the station #14 were iden-
tified from 2018 to 2022. The largest number of exceed-
ances was discovered in 2019, there were 7 cases. The ex-
treme value of concentration was recorded in August of
2019 and it was 2.4 of MPC.

The exceedances of maximum one-time concentration
of hydrogen chloride on the station #16 were observed in
2016 and from 2019 to 2022. The most significant number
was identified in 2020 and it was 10 cases. The extreme
value of concentration was recorded in August of 2016 and
it was 3.0 of MPC.

These chemical substances have a negative impact on
respiratory system during chronical inhalation.

Therefore, through an analysis we can conclude that the
most significant source of air pollution in the valleys of mi-
nor rivers Yegoshikha and Danilikha is automobile and
railway transports. The north, middle and south dams and
Chkalova motorway, Shosse Kosmonavtov and Vasilia
Vasilieva motorway and central railway are the busiest
ways in Perm.

The Chkalova motoway is one of the few enters of the
Perm city and is close to huge manufacturing plants. Per-
cent of lorry traffic and coach transport is higher on this
motorway than the others. The Vasilia Vasilieva motorway
lies along warehouses, manufacturing plants, maintenance
automobile entities. As a consequence lorry traffic is pre-
vailing in total traffic flow.

The industrial plants and factories are also the most sig-
nificant sources of air pollution. The majority of industrial
area “Yuzni’ plants and factories are located along the val-
leys of Yegoshikha river and Danilikha river and are mem-
bers of machine-building industry. The bigger part of these
plants and factories are object of second and third categories
of negative impact on the environment. These objects have
moderate and insignificant impact on the environment.

In the list of the pollutants in Perm we can highlight the
next chemical substances:
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e pollutants, which are emitted from burning fossil
fuels: nitrogen dioxide, nitrogen oxide, sulfur dioxide, car-
bon monoxide, benzopyrene;

pollutants, which are specific to machine-building
industry: hydroxybenzene, Iron(Ill)oxide, titanium diox-
ide, magnesium oxide, aluminum oxide, cupric oxide, dust
of yellow metal, chromium, lead;

pollutants, which are specific to construction mate-
rials industry: dust of gypsum binder, inorganic dust, pearl-
ite, calcium hydroxide, particulate matters.

Group of different hydrocarbons (kerosene, petroleum-
based mineral oil, oil solvent, xylene, ethylbenzene, al-
kanes) is also present in the list of pollutants of Perm. Eth-
anol, acetone, butyl acetate, butyl alcohol are found in air.

Garage cooperatives, warechouses, maintenance auto-
mobile entities, petrol station are sources of air pollution
by nitrogen oxides, sulfur dioxide, carbon monoxide and
aromatic hydrocarbons in the valley of Yegoshikha river
and Danilikha river.

It is certain that present national net of measurements
of air pollution is unrepresentative. Additional monitoring
stations need to be settled.

Additional monitoring stations in national net of meas-
urements of Rosgidromet need to be settled to control air
quality in valley of Yegoshikha river (Fig. 2). This place
will be:
near the tram bridge on Parkovaya street on the ter-
ritory of gardeners' non-commercial partnership #63 (Ad-
ditional AQS #1);
on 150-200 m to south from bridge (middle dam) on
Revolucii street, near the building 1 on Veselaya street
(Additional AQS #2);
on the border of the territory of gardeners' non-com-
mercial partnership “Energetic” (Additional AQS #3).

The list of priority measuring chemical substances in-
cludes hydroxybenzene, formaldehyde, ethylbenzene, ni-
trogen dioxide. The exceedances of MPC of these sub-
stances were observed. These substances are the most dan-
gerous for human health. Measuring of concentration of
particulate matter (PM;o and PM, ) is needed too. These
substances are harmful for human health and it is particu-
late matters (dust) different nature.

Locations of the picked additional stations are due to
the fact that ground relief can influence on accumulation of
chemical substances under specific meteorological condi-
tions. Level variations near the area “Alpiiskaya gorka”
and valley of the Yegoshikha are 50-60 m with slow de-
creasing to planed picked additional station. Level varia-
tion on eastern slope of valley is significant and it is to a
maximum 60 m.

Pollutants that are emitted from factories and plants of
area “Yuzhni” move along the valley to north with south-
ern, south-western and western winds. It is due to changes
of wind direction long the valley in relation direction under
the valley.

The measuring of air quality in station #2 is due to im-
pact of group of factories and plants in the area “Yuzni”
with prevailing wind direction during the year and impact
of transport that is moved on the southern dam with south-
ern wind direction and on Revolucii street with northern
one.
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Additional monitoring stations in national net of meas-
urements of Rosgidromet need to be settled to control air
quality in valley of Danilikha river (Fig. 2 / Puc. 2). This
place will be:

e near Chkalova motorway, at 90 m from apartment
building on Cheluskincev st., 21 (Additional AQS #4);

on the territory of cooperative gardens #142/7 at 75
m from apartment building on Tbilisskaya st., 19 (Addi-
tional AQS #5);

e near educational orphanage #85 on Muromskaya
st., 32 (Additional AQS #6).

?Y

Fig. 2. Location of additional monitoring station
Puc. 2. PacnoJiosxkenune 10M0JTHUTEIbHONH CTAHIIMM MOHUTOPHHTA

The list of priority measuring chemical substances in-
cludes ethylbenzene, hydrochloride and xylene. The ex-
ceedances of MPC of these substances were observed
many times during the period of study and it reached 6
MPC. Measuring of concentration of particulate matter
(PM10 and PM2.5) is needed too.

The prevailing wind direction in the valley of Danilikha
is from south-west to north-east of from north-east to
south-west. The pollutant transport from factories and
plants of area “Yuzni” that is located further east, influ-
ences on level of air pollution in picked stations with south-
westerly and north-easterly winds.

Emission of boilers and other sources of air pollution,
which are located further west, influences of air quality in
the valley of the Danilikha river with from north-westerly
to south-westerly wind. As usual, air pollution with out-
lined wind directions will increase with low speed of wind
and with raised inversion.

These air conditions are observed in winter part of the
year or in summer part with anticyclonic weather pattern.
But inversion is damaged and speed of wind increases in
summer time at noon. In this case higher level of air pollu-
tion will be observed only in the night. The higher level of
air pollution can be observed all over the day in the winter.
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Conclusion

1. Monitoring of air pollution in Perm is hold 4 times
per day, 5 days per week on the stations that are included
in the national net of measurements. There are measure-
ments for 24 pollutants. The majority of measurements rep-
resents by measurements of highly hazardous and moder-
ately hazardous pollutants (79.49%). Values of maximum
one-time and mean daily concentrations of pollutants are
measured.

2. The national net of measurements consists of 7
monitoring sites, which are located in six different areas of
Perm close to main traffic routes and industrial hubs. This
net is not representative.

3. The measured concentrations of formaldehyde and
nitrogen dioxide exceed MPC all over the stations. The
most significant and frequent exceedances of maximum
one-time MPC was observed for ethylbenzene, hy-
droxybenzene and hydrochloride.

4. Exceedances of concentrations of formaldehyde, ni-
trogen dioxide and ethylbenzene report about significant
percent of emission from burning of fossil fuel in cars and
thermal power station. Exceedances of concentrations of
hydroxybenzene report about negative impact of machine-
building factories and plants.
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5. Setting of additional stations of monitoring of air
pollution and creating of dynamic model of emission
of pollutants are needed for objective evaluation of air
quality.

References

1. About activity of Rosgidromet in 2019 and agenda of
2020 (Final report). Moscow. Ministry of natural resources
and ecology of Russian Federation. 2020. Available from:
https://www.meteorf.ru/about/coordination/377/fi-
nal/#ADATE_FROM=01.01.2019&DATE_TO=31.12.2019
&PAGEN_1=1&ID=377 [Accessed 25th March 2021]

2. About quality and protection of environment
in Russian Federation in 2019 (National report). Moscow.
Ministry of natural resources and ecology of Russian Fed-
eration. 2020. Available from: https://2019.ecology-
gosdoklad.ru/ [Accessed 25th March 2021]

3. Bezyglaya, E. and Smirnova, 1., 2006. Vozduh go-
rodov i ego izmeneniya [ Atmospheric air of cities and its
changes]. Saint Petersburg, Asterion publ. 235 p. (in Rus-
sian)

4. Borodkina, T. and Varguzina, M., 2014. The main
sources of air pollution in Voronezhskaya oblast. Territory
of science. Vol.1. pp.110-118. Available from:
https://www.elibrary.ru/contents.asp?id=34053340 [Ac-
cessed 25th March 2021] (in Russian).

5. Davydova, 1. and Gaponenko, A., The problem of
air pollution in the cities. Sciences of Europe. 2017. Vol-
ume 14-2 (14). pp. 3-5. Available from: https://www.eli-
brary.ru/contents.asp?id=34480539 [Accessed 25th March
2021] (in Russian).

6. Di Bernardino, A., Iannarelli, A., Casadio, S., Per-
rino, C., Barnaba, F., Tofful, L., Campanelli, M.,
Di Liberto, L., Mevi, G., Siani, A.M. and Cacciani, M.,
2021 Impact of synoptic meteorological conditions on air
quality in three different case studies in Rome, Italy.
Atmospheric  Pollution Research. 12. pp.76-88.
https://doi.org/10.1016/j.apr.2021.02.019.

7. Dons, E., Laeremans, M., Anaya-Boig, E., Avila-
Palencia, I., Brand, Ch., de Nazelle, A., Gaupp-Berhausen,
M., Gotschi, T., Nieuwenhuijsen, M., Orjuela, J.P., Raser,
E., Standaert, A., and Panis, L., 2018. Concern over health
effects of air pollution is associated to NO2 in seven Euro-
pean cities. Air Quality, Atmosphere and Health. (11).
pp- 591-599. https://doi.org/10.1007/s11869-018-0567-3.

8. Egorova, O., Gogol, E., Shipilova, R. and Tuna-
kova, U., 2013. Impact of mobile sources of air pollution.
Vestnik of Kazan National Research Technological Uni-
versity. 16(19). pp. 71-74. (in Russian).

9. Guideline “Manual of Air pollution monitoring”. RD
52.04.186-89. Moscow. Gidrometeoizdat. 1991. Electronic
database of legal documents and standards “Kodeks” Avail-
able from: https://docs.cntd.ru/document/1200036406 [Ac-
cessed 25th March 2021] (in Russian).

10. Grigoratos, T., Fontaras, G., Giechaskiel, B. and
Zacharif, N., 2019. Real world emissions performance of
heavy-duty Euro VI diesel vehicles. Atmosphere Environ-
ment. 201. pp.348-359. https://doi.org/10.1016/j.at-
mosenv.2018.12.042

11. Human Health Risk Assessment from Environ-
mental Chemicals. Electronic database of legal docu-
ments and standards ‘“Kodeks”. Available from:

52

https://docs.cntd.ru/document/1200037399
25th March 2021] (in Russian)

12. TARC Monographs on the Identification of Car-
cinogenic Hazards to Humans. International Agency for
Research of Cancer. Available from: https://mono-
graphs.iarc.who.int/agents-classified-by-the-iarc/ [Acces-
sed 25th March 2021]

13. Interstate standard. GOST 17.2.3.01-86 Nature
protection. Atmosphere. Air quality control regulations
for populated areas. Moscow: Standardinform. 2005.
Electronic database of legal documents and standards
“Kodeks”. Available from: https://docs.cntd.ru/docu-
ment/1200012789 [Accessed 25th March 2021] (in Rus-
sian)

14. Kuzmina, R., Kozhakhina, A., Ivanova, U. and
Livenczev, V., 2007. Ohrana okruzhayushchej sredy v
neftepererabotke [Protection of environment during oil re-
fining]. Saratov: Publishing house of Saratov University.
128 p. (in Russian).

15. National annual reports «About sanitary and epi-
demiological welfare of the population in Perm region in
2016-2022» Awvailable from: http://59.rospotrebnad-
zor.ru/319 [Accessed 30th March 2021] (in Russian).

16. Potylitsyna, E., Taseiko, O. and Sugak, E., 2015.
Assessment of influence of air pollution produced by engi-
neering enterprises on human health. Vestnik SibGAU.
16(4). pp. 958-968. (in Russian).

17. Quality of atmospheric air and human health: re-
port of World Health Organization Available from:
https://www.who.int/airpollution/ru/  (Accessed  25th
March 2021).

18. Quality of atmospheric air in Perm. Environment
of Perm. Available from: http://www.priroda-
perm.ru/barometr/2015/04/02/2241 [Accessed 25th March
2021]

19. Quiros, C., Smith, J., Thiruvengadam, A., Huai,
T.and Hu, S. 2017. Greenhouse gas emissions from heavy-
duty natural gas, hybrid, and conventional diesel on-road
trucks during freight transport. Atmospheric Air. 168.
pp. 36-45. https://doi.org/10.1016/j.atmosenv.2017.08.066

20. Kulakova, S., Mishlanova, Yu. Gatina, E., Harin,
R. and Kolodkin, M. 2009. Mikroklimaticheskoe obsledo-
vanie doliny r. Daniliha [Research of microclimate valley
of Danilikha river]. Perm. 12 p.

21. Results of measurements that were hold in Dzer-
shinsky area of Perm city according to a contract with local
government. 2020.

22. Risk Assessment for Carcinogenic Effects. United
States Environmental Protection Agency. Available from:
https://www.epa.gov/fera/risk-assessment-carcinogenic-
effects [Accessed 25th March 2021]

23. Sanitary rules and regulations SanPiN 1.2.3685-
21 Hygienic standards and rules of safety and (or) harm-
lessness for human health of habitat factors. Authorized
state law database. Available from: www.pravo.gov.ru
[Accessed 25th March 2021]

24. Schklyaev, V., Ermakova, L. and Shklyaeva, L.,
2010. Research of microclimate of city for estimation of
biometeorological factors of habitat territories. Geograph-
ical bulletin. 3(14). pp. 52-59. (in Russian).

25. Schklyaev, V. and Shklyaeva, S., 2008. Estima-
tion of quality of national net of monitoring of air pollution

[Accessed



https://www.meteorf.ru/about/coordination/377/final/#DATE_FROM=01.01.2019&DATE_TO=31.12.2019&PAGEN_1=1&ID=377
https://www.meteorf.ru/about/coordination/377/final/#DATE_FROM=01.01.2019&DATE_TO=31.12.2019&PAGEN_1=1&ID=377
https://www.meteorf.ru/about/coordination/377/final/#DATE_FROM=01.01.2019&DATE_TO=31.12.2019&PAGEN_1=1&ID=377
https://2019.ecology-gosdoklad.ru/
https://2019.ecology-gosdoklad.ru/
https://www.elibrary.ru/contents.asp?id=34053340
https://www.elibrary.ru/contents.asp?id=34480539
https://www.elibrary.ru/contents.asp?id=34480539
https://doi.org/10.1016/j.apr.2021.02.019
https://doi.org/10.1007/s11869-018-0567-3
https://docs.cntd.ru/document/1200036406
https://doi.org/10.1016/j.atmosenv.2018.12.042
https://doi.org/10.1016/j.atmosenv.2018.12.042
https://docs.cntd.ru/document/1200037399
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
https://docs.cntd.ru/document/1200012789
https://docs.cntd.ru/document/1200012789
http://59.rospotrebnadzor.ru/319
http://59.rospotrebnadzor.ru/319
http://www.prirodaperm.ru/barometr/2015/04/02/2241
http://www.prirodaperm.ru/barometr/2015/04/02/2241
https://doi.org/10.1016/j.atmosenv.2017.08.066
https://www.epa.gov/fera/risk-assessment-carcinogenic-effects
https://www.epa.gov/fera/risk-assessment-carcinogenic-effects
http://www.pravo.gov.ru/

2023

Anmponoeennas mpaucghopmayus npupooHoti cpeosl

T.9.Ne 2

in Perm and its growth potential. Geographical bulletin.
2(8). pp. 196-205. (in Russian).

26. Shcherbatyuk, A., 2018. Optimization strategy of
ecological safety management of the air environment of
cities in conditions of intracontinental intermountane hol-
lows. Ecology of urbanizing territories. 1. pp.29-34.
https://doi.org/10.24411/1816-1863-2018-11029 (in Rus-
sian).

27. Steeneveld, G-J., Klompmaker, J., Groen, R. and
Holtslag, A., 2018. An urban climate assessment and man-
agement tool for combined heat and air quality judgements
at neighbourhood scales. Resources, Conversation and Re-
cycling. 132. pp. 204-217. https://doi.org/10.1016/j.rescon-

https://docs.cntd.ru/document/1200036406 (nata obparie-
Hust: 25.03.2021)

10. Grigoratos T., Fontaras G., Giechaskiel B., Zach-
arif N. Real world emissions performance of heavy-duty
Euro VI diesel vehicles. Atmosphere Environment.
2019. Vol. 201. P. 348-359. https://doi.org/10.1016/j.at-
mosenv.2018.12.042

11. PykoBOACTBO IO OLEHKE PHCKA Ui 310POBBS
HaceJIeHWs1 NpU BO3JCHCTBHM XHMHUYECKUX BEIIECTB,
3arpsi3HAIOLNINX OKPYXAIOIIYI0 cpeay. ONeKTPOHHBIN
(GOHI MPaBOBBIX U HOPMATHUBHO-TEXHUYECKUX JTOKYMEH-
ToB  «Komekc». [DmextpoHHBIA  pecypc]. URL:
https://docs.cntd.ru/document/1200037399 (mara obpare-

rec.2016.12.002

CHuCOK HCTOYHUKOB

1. O mestensHoctu Pocruapomera B 2019 roay u 3a-
nayax Ha 2020 rox (Mrorossiii mqokiax) M. Munucrtep-
CTBO IIPUPOJHBIX pecypcoB u 3konoruu Pocculickoir ®e-
nepatuu, 2020. [DeKTpoHHBIH pecypc].
URL: https://www.meteorf.ru/about/coordination/377/fi-
nal/#DATE_FROM=01.01.2019&DATE TO=31.12.201
9&PAGEN 1=1&ID=377 (nara oboparmenus: 25.03.2021)

2. O cocrossHA U 00 OXpaHE OKpY)KAroIIeH Cpeabl
Poccutickoit ®enepanuu B 2019 roxy (['ocymapcTBeHHBIN
nmoknax). [DnexrponHsiit pecypc]. URL: https://2019.ecol-
ogy-gosdoklad.ru/ (mata obpamenust: 25.03.2021)

3. bBesyenasa 3.10., Cmupnosa 1.B. Bo3nayx ropo1oB u
ero mmenenus. CII6: «Acrepuony, 2006. 235 c.

4. Bopooxuna T.A., Bapeysuna M.C., OCHOBHBIE HC-
TOYHUKH 3arpsisHeHHs1 atMocepHoro Bo3ayxa B Boponex-
ckoii oonactu // Tepputopus Hayku. 2014, Nel. C. 110-118.

[Onektponnsiii  pecypc].  URL:  https://www.eli-
brary.ru/contents.asp?id=34053340 (mata oOpamieHus:
25.03.2021)

5. Haevioosa U.C., ['anonenxo A.B. IIpobnema 3arpsiz-
HEHHUs aTMOC(EepHOro Bo3ayxa B roponax // Sciences of Eu-
rope. 2017. Nel4 (14). C. 3-5. [DnekTpoHHBIH pecypc].
URL: https://www.elibrary.ru/contents.asp?id=34480539
(mata ob6pamenus: 25.03.2021)

6. Di Bernardino A., Iannarelli A., Casadio S., Per-
rino C., Barnaba F., Tofful L., Campanelli M., Di
Liberto L., Mevi G., Siani A.M., Cacciani M. Impact of
synoptic meteorological conditions on air quality in three
different case studies in Rome, Italy // Atmospheric Pol-
lution Research. 2021. Vol. 12. P. 76-88.
https://doi.org/10.1016/j.apr.2021.02.019

7. Dons E., Laeremans M., Anaya-Boig E., Avila-Pa-
lencia 1., Brand Ch., de Nazelle A., Gaupp-Berhausen M.,
Gotschi T., Nieuwenhuijsen M., Orjuela J.P., Raser E.,
Standaert A., Panis L., Concern over health effects of air
pollution is associated to NO2 in seven European cities //
Air Quality, Atmosphere and Health. 2018. Iss. 11. P. 591—
599. https://doi.org/10.1007/s11869-018-0567-3

8. Eeoposa O.C., I'oconv J.B., [llununosa P.P., Tyna-
xosa [O.A. Bo3pelicTBre mepeABMKHBIX HCTOYHHKOB Ha
KavyecTBO aTMocdepHoro Bo3ayxa roposos // Bectauk Ka-
3aHCKOTrO0  TEXHOJOrHMYeckoro yHuepcureta. 2013.
Ne 16 (19). C. 71-74

9. PykoBomsmuili nokymMeHT PykoBOACTBO MO KOH-
Tpoiro 3arpss3HeHus atmochepsl. Pl 52.04.186-89. M.:
I'unpomereomsnar, 1991. [Dnexrponnsiii pecypc]. URL:

53

aus: 30.03.2021)

12. TARC Monographs on the Identification of Car-
cinogenic Hazards to Humans. International Agency for
Research of Cancer. [Onextponnsiii pecypc]. URL:
https://monographs.iarc.who.int/agents-classified-by-the-
iarc/ (mara obOpamenus: 25.03.2021)

13. MexrocyaapCTBEHHBIN CTaHAapT I'oCT
17.2.3.01-86. Oxpana mpupomsl. Atmochepa. [IpaBuia
KOHTPOJISI Ka4eCTBa BO3/yXa HACEICHHBIX MTyHKTOB. M. //
Cranpaptuagopm, 2005. 4 c.

14. Kyszvmuna P.U., Koxcaxuna A.B., Heanoea IO.B.,
Jlugenyes I1.B. OxpaHa OKpyXaromei cpeasl B HedTeme-
pepabotke. Caparos: M3natensctBo CapaToBCKOTO yHH-
Bepcurera, 2007. 128 c.

15. TocynapcrBeHHbIe JOKIaABI «O COCTOSIHUN CAHH-
TapHO-3MHJIEMHOJIOTMYECKOT0 OJIaronoIydus HaceJIeHUs B
Ilepmckom kpae B 2016-2020 romax. [DIeKTpOHHBIN pe-
cypc] URL: http://59.rospotrebnadzor.ru/319 (mara obpa-
menus: 30.03.2021)

16. IHomwvimuywina E.H., Taceiiko O.B, Cyzax E.B.
OreHKka BIMSHUS 3arpsA3HEHUS BO3IyXa NMPEINPHATHIMHU
MaIIMHOCTPOEHUsS Ha 3710poBbe HaceneHus // Bectauk Cu-
6I'AY. T.16. 2015. Ne4. C. 958-968

17. Quality of atmospheric air and human health: re-
port of World Health Organization. [DmekTpoHHEI pe-
cypc]. URL: https://www.who.int/teams/environment-
climate-change-and-health/air-quality-and-health/policy-
progress (marta oopamenus: 25.03.2021)

18. CocrosiHre arMoc(epHOro BO3AyXa B TOpOJIE
[Tepmu. TIpupona ropoaa [lepmu. [DnekTpoHHbIH pecypc]
URL: http://www.prirodaperm.ru/barometr/2015/04/02/2241
(mata obpamenus: 25.03.2021)

19. Quiros, C., Smith, J., Thiruvengadam, A., Huai, T.
and Hu, S. Greenhouse gas emissions from heavy-duty nat-
ural gas, hybrid, and conventional diesel on-road trucks
during freight transport. Atmospheric Air. 2017. Vol. 168.
P. 36-45. https://doi.org/10.1016/j.atmosenv.2017.08.066

20. Kynaxosa C.A., Muwnanosa IO.JI, I'amuna E.JI.,
Xapun P.B., Konookun M.B. MukpoximmaTrndeckoe 00-
cienoBaHue MOJMWHBI p. Jlanunuxa // BromnereHs TOJTHHBI
Masoit pexu Janummuxu. [Tepms, 2009. 12c.

21. Pe3ynbTaThl MHCTPYMEHTAIBHBIX WCCIIEIOBAHHM,
MIPOBOIUMEIX B J[3eprknHCKOM paiione T. [lepmb (OTueT o
pesynbTataM padoT MO MYHHILUNAILHOMY KOHTPAKTYy).
2020.

22. Risk Assessment for Carcinogenic Effects. United
States Environmental Protection Agency. [OneKkTpoHHBII
pecypc]. URL: https://www.epa.gov/fera/risk-assessment-
carcinogenic-effects (mara obpamenus: 25.03.2021)



https://doi.org/10.24411/1816-1863-2018-11029
https://doi.org/10.1016/j.resconrec.2016.12.002
https://doi.org/10.1016/j.resconrec.2016.12.002
https://www.meteorf.ru/about/coordination/377/final/#DATE_FROM=01.01.2019&DATE_TO=31.12.2019&PAGEN_1=1&ID=377
https://www.meteorf.ru/about/coordination/377/final/#DATE_FROM=01.01.2019&DATE_TO=31.12.2019&PAGEN_1=1&ID=377
https://www.meteorf.ru/about/coordination/377/final/#DATE_FROM=01.01.2019&DATE_TO=31.12.2019&PAGEN_1=1&ID=377
https://2019.ecology-gosdoklad.ru/
https://2019.ecology-gosdoklad.ru/
https://www.elibrary.ru/contents.asp?id=34053340
https://www.elibrary.ru/contents.asp?id=34053340
https://www.elibrary.ru/contents.asp?id=34480539
https://doi.org/10.1016/j.apr.2021.02.019
https://doi.org/10.1007/s11869-018-0567-3
https://docs.cntd.ru/document/1200036406
https://doi.org/10.1016/j.atmosenv.2018.12.042
https://doi.org/10.1016/j.atmosenv.2018.12.042
https://docs.cntd.ru/document/1200037399
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
http://59.rospotrebnadzor.ru/319
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/policy-progress
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/policy-progress
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/policy-progress
http://www.prirodaperm.ru/barometr/2015/04/02/2241
https://doi.org/10.1016/j.atmosenv.2017.08.066
https://www.epa.gov/fera/risk-assessment-carcinogenic-effects
https://www.epa.gov/fera/risk-assessment-carcinogenic-effects

2023

Anthropogenic Transformation of Nature

Vol. 9. No. 2

23. Canllun 1.2.3685-21 T'urumenudeckue HOpMa-
TUBBI W TpeOOBaHUS K OOECleueHHI0 Oe30HaCHOCTH H
(vn) Oe3BpEeAHOCTH JUTS YeJloBeKa (pakTOpOB Cpebl 00u-
tanus. O¢uunanbHBI TOpTan MpaBoBOM WH(OpMaNWu.
[DnekTponnsiii pecypc]. URL: www.pravo.gov.ru (aara
obpamenns: 25.03.2021)

24. Ulknses B.A., Epmaxosa JI.H., lknsesa JI.C.
HccnenoBanne MHUKPOKINMATa FOpOAa € IEIbI0 OLCHKH
OMOMETEOPOJIOTHIECKIX TOKa3aTeNlell cenuTeOHON Tep-
putopun // I'eorpadmaecknii Bectuk. 2010. T. 3. Ne 14.
C. 52-59.

25. Illknaes B.A., Ilknsesa JI.C. OueHka KayecTBa
ceTn HaONIOZCHUH 3a 3arps3HEHHEM aTMOC(EpHOro BO3-
nyxa B I. [lepMu 1 BO3MOXXHOCTH €€ COBEPIICHCTBOBAHMS

'Y // T'eorpaduyeckuit BectHHk. 2008. T.2. Ne 8.
C. 196-205.

26. ILlepbamiox A.B. Crpaterus ONTHMHU3ALNU
YIIPaBICHUS SKOJOTMYECKOH 0€30IacHOCTHIO BO3IYIIHOW
Cpemsl TOPOJOB B YCIOBHSX BHYTPUKOHTHHEHTAIBHBIX
MEXTOPHBIX KOTJIOBHH // DKojormdeckas 0e30macHOCTh
CTPOWTENBCTBA W TOPOACKOro xo3siictBa. 2018. Ne 1.
C. 29-34.

27. Steeneveld G-J., Klompmaker J., Groen, R. and
Holtslag A., An urban climate assessment and manage-
ment tool for combined heat and air quality judgements
at neighbourhood scales // Resources, Conversation and
Recycling. 2018. Vol. 132. P. 204-217.
https://doi.org/10.1016/j.resconrec.2016.12.002

Crarps noctynuia B peaakuuio 10.10.2023; ogodpena nocie penensupoBanus 25.10.2023; npunaTa K MyOIMKaluu

02.11.2023.

The article was submitted 10.10.2023; approved after reviewing 25.10.2023; accepted for publication 02.11.2023.

54


http://www.pravo.gov.ru/
https://doi.org/10.1016/j.resconrec.2016.12.002

