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Abstract

Introduction. Assessment of the level of urban air pollution and its impact on public health is a crucial scientific task.
Ensuring the environmental safety of urban areas is impossible if the air quality does not meet the established standards.
Despite well-developed methodologies for assessing the health risks of urban environments, the results of such research
in the regional context are insufficient. Currently, almost half of the population of the Russian Federation lives in cities
with high or very high levels of air pollution. Among these cities, Novocherkassk in the south of Russia was identified
as one of the most polluted in the period from 2014 to 2021. This necessitates conducting scientific research to assess
the health risks associated with atmospheric air pollution in Novocherkassk. The aim of this study was to evaluate the
health risks posed to the population of Novocherkassk due to air pollution.

Materials and Methods. The study used data from annual reports on the state of air pollution in cities in Russia from
2014 to 2021, which were prepared by the Federal State Budgetary Institution “Voeikov Main Geophysical

9]

Observatory” '. The authors used literary methods and methods of mathematical and statistical analysis in their work.
Results. The level of atmospheric air pollution for the period from 2017 to 2021 reached dangerous values for public
health. Suspended solids and carbon oxide contributed most to the risk of health problems. The values of the complex
indicator P, estimated by average annual concentrations, showed that the level of atmospheric air pollution in
Novocherkassk was 1.68 times higher than in the largest city in the region, Rostov-on-Don. The highest level of
atmospheric air pollution in Novocherkassk was noted within Post II, located at the intersection of highways and close
to the impact zone of industrial enterprises.

Discussion and Conclusion. The calculations showed that exposure to polluted atmospheric air could cause symptoms
of chronic intoxication in 240-280 out of every thousand people. When the maximum concentrations of pollutants in
the atmospheric air of Novocherkassk were reached, from 579 to 692 people out of a thousand residents might
experience adverse reflex reactions. In light of the identified health risks from air pollution, it is recommended to
increase the number of green spaces and establish two additional monitoring stations for atmospheric pollution: one in
the city's residential area and one near the Novocherkassk GRES power plant in the Donskoy district.

Keywords: level of atmospheric air pollution, aerogenic risks to public health, non-carcinogenic effects, carcinogenic
health risks, intoxication, acute and chronic effects
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OpuZMHaJZbHOe amnupudecKkoe uccnedosatue
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AHHOTALMSA

Begeoenue. OnieHka ypoBHS 3arpsiI3HEHHUS BO3/IyXa TOPOJCKOM cpeibl 1 00YCIIOBIEHHOTO UM PUCKA 3JI0POBBIO HACEICHUS SIB-
JSIeTCs aKTyaIbHON HaydHOM 3ajaueil. Kak mpeyicrapisieTcs, HeBO3MOXKHO 00ECIIEUUTh IKOJIOTHUECKYI0 Oe3011acHOCTh ypoa-
HU3HUPOBAHHBIX 30H, €CIIM Ka4eCTBO BO3/yXa B MX IIPEeTiaXx HE COOTBETCTBYET YCTAaHOBJICHHBIM cTaHmapTam. HecmoTpst Ha
XOpOILIO pa3pabOTaHHbI METOJMYECKHUIA alapar, MO3BOJISIONIMN OLIEHUTh PHCK 3I0POBBIO HACEJICHUS! TOPOACKOI Cpe/pl,
Pe3yJIbTaTOB MOI00HBIX MCCIIEA0BAHUI B PETHOHAILHOM acleKTe HeIOCTaTO4HO. B To ke BpeMst oUTH MOJIOBHHA BCEX KU-
teneil Poccuiickoil @enepanyu B HaCTOALIEE BPEMsI IIPOXKUBAET B TOPO/IAaX C BBICOKUM U OYEHb BBICOKMM YPOBHEM 3arpsizHe-
HUs Bo3ayxa. Ha tore Poccum B umcio roposioB ¢ Hanboliee 3arps3HEHHOW BO3IYIIHOW CPEZod B HUCCIENyEeMbId MEPUO
20142021 rr. Obu1 BKITIOYEH T. HoBouepkacck, 4To u 00yCIOBHIO HEOOXOAUMOCTh MPOBEICHUST COOTBETCTBYIOIINX HAyd-
HBIX M3bICKaHMIL. [esTh JaHHOTO MCCle[oBaHNs — OIEHMTH ITOKA3aTeNN PHCKa 310pOBbIO HaceneHHs T. HoBouepkaccka, BbI-
3BaHHOTO 3arpsi3HEHHEM aTMOC()EpHOTO BO3MyXa.

Mamepuanst u memoost. B paboTe MCIOIB30BaHbI JAHHBIE KETOTHUKOB O COCTOSIHUU 3arpsi3HEHUsI aTMOCc(epsl B ro-
pomax Ha Teppuropuu Poccum 3a 2014-2021 rr., moarotoBieHHbIX B DemeparbHOM TOCYAAPCTBEHHOM OFOKETHOM
yupexaennn «l'naBHas reodusuueckas obceparopus uM. A.M. BoeiikoBay. B uncie npuMeHEHHBIX aBTOpaMH METO-
JIOB JIUTEPATypHBIE, METO bl MATEMAaTUKO-CTaTUCTUYECKOr0 aHAJIN3a.

Pe3ynomamut uccnedosanus. YpOBeHb 3arpsi3sHeHUsT aTMoc(hepHOro Bo3myxa 3a mepuoa 2017-2021 rogoB mocturan
OTIACHBIX ISl 30POBbsI HacesNeHNs 3Ha4eHNH. Hanbonpmmii BKiIax B PUCK HapyLICHHUS 37I0POBbS BHOCST B3BEIICHHBIC
BEIIECTBA U OKCUJ yTIiIepoa. 3HaueHHsI KOMIIJIEKCHOTO MoKa3aTess P, OLIeHEHHOT0 110 CPEIHEr0JJOBBIM KOHILIEHTpAIH-
sIM, TIOKa3aJIM, YTO YPOBEHb 3arpsisHeHns1 atMocdepHoro Bo3ayxa B r. HoBouepkaccke B 1,68 pasa Bblme, 4emM B KpyI-
HelfmeM ropone perumoHa PocroBe-Ha-/lony. Hambompmmii ypoBeHb 3arps3HeHHs aTMOC(EpHOro BO3AyXa
r. HoBouepkaccka otMedeH B npenenax nocra I, Haxonsierocs Ha nepeceyeHuy aBTOMarucTpaieil 1 mpuOIMKeHHOTO
K 30HE BO3J€HCTBUS MPOMBIIUIEHHBIX IPEAIPUATHIHA.

O6cyscoenue u 3axnrouenue. 1IpoBeeHHBIE pacdeThl MOKA3aIM, YTO BO3ICHCTBHE 3arpsi3HEHHOTO aTMOC(EPHOrO BO3MyXa
MOKET BBI3BaTh CUMIITOMBI XPOHMYECKOW MHTOKCHKAIMH y 240-280 desioBeK M3 THICSYM, MPU JOCTIDKEHUH MaKCHMATBHBIX
KOHIICHTpAIMIA 3arpsI3HSFOIIMX BEIIECTB B aTMOc(epHOM Bo3myxe T. HoBouepkaccka ot 579 1o 692 4enoBek U3 THICSUH KUTE-
JIeil MOTYT MCHIBITaTh HEOIArONPHSTHBIE PE(IEKTOPHBIC PEAKIMH. B CBS3M ¢ BBIIBICHHBIM OMACHBIM JUTS 370POBbSI HACENICHNS
3arpsi3HEHNEM aTMOC(EPHOTO BO3/LyXa PEKOMEH/IYETCs PAaCIIMPEHHUE TUIOIIA/ M 3€NICHBIX HACHKACHHUN U CO3AaHHE JIBYX JOION-
HUTEJIBHBIX MIOCTOB HAOJIFO/ICHNS 3a 3arpsi3HEHUEM aTMOC(epHOTO BO3/lyXa: B CEIMTEOHOM 30He Topoza 1 Boim3n HoBouepkac-
ckoif 'POC, B Mukpopaiione «J{oHCKOI.

KawueBble cioBa: ypoBeHb 3arpsi3HEHHs aTMOC(GEpHOrO BO3/yXa, adpOTeHHBbIE PHCKU 3II0POBBIO HACEJICHHS,
HEKaHIEpOreHHbIe 3((PEKThI, KAHIIEPOTEHHBIE PUCKHU 3I0POBbIO, HHTOKCHKAIIHS, OCTPOE U XPOHUIECKOE JeHCTBHE

BaarogapHocTH. ABTOPHI BEIpAXXalOT ONaroAapHOCTh Koyuleram, crenuanuctam demepalbHOrO TOCyIapCTBEHHOTO
oromkeTHoro yupexnenus «[aBHas reodusuueckas obOceparopust um. A.M. BoelikoBa» 3a MpeaoCTaBICHHBIC
MaTepHallbl sl UCCIIeI0BaHUM.

Joas ouruposanusi. Kmumos I1.B., AnzapeeBa E.C. OueHka ypoBHS 3arpsi3HEHHs aTMOC()EpPHOTO BO3AyXa M
a3pOTeHHOTO PHCKA 3/I0POBBI0 HaceneHus ropoaa HoBouepkaccka. be3onachocms mexHo2eHHbIX U NPUPOOHBIX CUCTEM.
2024;8(3):49-56. https://doi.org/10.23947/2541-9129-2024-8-3-49-56

Introduction. The quality of life and health of the population is related to environmental factors, particularly those
caused by human activity. In the Russian Federation, 63.6% of the population experiences a significant impact on their
health from various natural, environmental, and socio-hygienic factors?.

For urbanized areas, the main factor causing such an impact is physical and chemical transformation of the lower
atmosphere due to pollution. According to the World Health Organization (WHO), 99% of the global population lived
in areas with high concentrations of air pollutants in 2022. Air pollution also caused premature deaths of about 7 million
people worldwide in the same year. It is important to note that the analysis of the effects of environmental factors in
Russia shows that about 70% of non-communicable diseases can be attributed to atmospheric air pollution [1].

2On the State of Sanitary and Epidemiological Welfare of the Population in the Russian Federation in 2021. State Report. URL:
https://www.rospotrebnadzor.ru/documents/details.php? ELEMENT ID=21796 (accessed: 20.04.2024). (In Russ.)
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As practice shows, concentrations of pollutants that are dangerous to public health are often found in central parts of
large cities and territories located near industrial facilities or transport routes. Therefore, the assessment of air pollution
in these areas is still a pressing issue in the field of environmental research. A reliable way to measure air pollution is
through the use of risk indicators that can help to determine the impact of pollution on public health. This approach
allows for a comprehensive understanding of the scale of air pollution's impact on the population, which can
complement the current Russian system for assessing effects of pollution on health.

Currently, slightly less than half of the total population of the Russian Federation lives in urbanized areas with high
and very high air pollution3. The convenient transport location and the labor potential of Novocherkassk contributed to
the formation of a diversified industrial complex that has a significant impact on the environment and public health. In
2021, Novocherkassk was added to the list of cities of the Russian Federation with the highest level of atmospheric air
pollution [2]. Due to its status as a major production and logistics hub in the Rostov region, Novocherkassk is the focus
of this study, as it has the highest level of air pollution among all cities in the region.

Most of large industrial enterprises in Novocherkassk are located in an industrial area, away from the historical city
center along the floodplain of the Tuzlov River. The only exception is the Novocherkassk GRES, which is located near
the Donskoy district, which was incorporated into Novocherkassk in 2004. In the eastern wind direction, the air from
the Novocherkassk GRES flows into the city and pollutes the air. In the western and southwestern directions, it affects
the air in the Donskoy district. It is important to note that the self-purification coefficient of the atmosphere in this area
is 4.39 per year. This does not contribute to the dispersal of anthropogenic pollutants [3, 4]. This is due to the high
frequency of meteorological events that lead to the accumulation of harmful substances to dangerous levels in the
surface air. In addition, the amount of green space in the urban area of Novocherkassk only accounts for 44% of the
recommended amount, which is not enough to effectively purify the air.

It seems to the authors that there has not been a comprehensive assessment of surface air pollution in urban areas
recently. Only in 2017, three stationary monitoring stations for surface air quality began operating here, and before that,
route observations were the only method used to monitor the air quality within the city. This study aims to assess the
health risks posed to the population of Novocherkassk due to pollution of the upper layers of the atmosphere.

To achieve this goal, we have carried out the following tasks:

1. We have assessed the level of air pollution in the city.

2. We have calculated numerical values of coefficients and indices related to non-carcinogenic effects on public
health in acute and chronic situations.

3. We have conducted calculations of public health risks caused by chronic intoxication and the immediate effects of
various pollutants.

4. We have identified the contribution of pollutants to the formation of public health indicators.

Materials and Methods. The study was based on data from stationary air pollution monitoring posts operated by
the Federal State Budgetary Institution “North Caucasus Department of Hydrometeorological Service”. These posts
collected data on the concentrations of various airborne pollutants in Novocherkassk between 2017 and 2021 [5]. Three
of these posts were operational in Novocherkassk since 2017. They were designated as Posts I, II, and III in the study.
Post I was located in the city center, at the intersection of major highways. Post III was in the area influenced by
industrial enterprises. Post I was also in the impact zone of industrial activity, but was located at an intersection of
highways as well.

Due to the insufficient number of monitoring posts for atmospheric air pollution, it was recommended to create two
additional posts, one of which, conventionally designated as Post 1, should to be placed in a residential area on
Petrovskaya Street, 1. To monitor atmospheric air pollution near Novocherkasskaya GRES, it was proposed to create a
post in the Donskoy district, conventionally designated as Post2. The existing stationary monitoring posts for
atmospheric air pollution (designated as numbers I, II, and III) and recommended for monitoring the city's air quality
(designated as numbers 1 and 2) are shown in Figure 1.

In order to achieve the goal of the study, we calculated the multiplicity of the average annual and maximum single
concentrations of airborne pollutants analyzed, which corresponded to the maximum allowable hygienic standards. We
also calculated the level of outdoor air pollution using indicator P*.

Calculation of indicator P was carried out according to formula:

pP= /ZK}, (1

where, K — multiplicity of exceeding the MPC of substances of various hazard classes reduced to the third class.

30n  the State and  Environmental — Protection  of the  Russian  Federation —in  2021.  State  Report.  URL:
https://www.mnr.gov.ru/docs/gosudarstvennye_doklady/gosudarstvennyy doklad o_sostoyanii_i_ob_okhrane_okruzhayushchey_sredy rossiyskoy f
ederatsii_v_2021_/?ysclid=Iwoteqy14b321565566 (accessed: 19.04.2024). (In Russ.)

* Guidelines for Assessing the Risk to Public Health from Exposure to Chemicals that Pollute the Environment. R 2.1.10.192-04. URL:
https://docs.cntd.ru/document/1200037399 (accessed: 28.03.2024). (In Russ.)
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Fig. 1. Monitoring posts for atmospheric air pollution in the city of Novocherkassk5

The choice of non-carcinogenic effects as risk indicators was determined by the list of harmful substances of non-
carcinogenic action®, the concentrations of which were monitored at stationary monitoring posts for atmospheric air
pollution in Novocherkassk.

The method of calculating coefficients and indices of non-carcinogenic effects in chronic and acute exposure was
used as the main method of risk assessment [6, 7]. As an additional procedure, the risks of chronic intoxication and
immediate action were determined?.

Results. Increased emissions from motor vehicles and industrial enterprises led to dangerous air pollution in
Novocherkassk. Thus, from 2017 to 2021, the average annual concentrations of suspended solids, nitrogen dioxides,
carbon oxides, formaldehyde were exceeded, which have both carcinogenic and non-carcinogenic effects on public
health. At the same time, the greatest multiplicities of exceeding the average daily MPC over the studied period of time
were revealed for average annual concentrations of suspended solids (from 1.8 to 6 MPC), formaldehyde (from 0.7 to
2.7 MPC), nitrogen dioxides (from 0.4 to 2.2 MPC), carbon oxides (from 0.63 to 2.17 MPC).

It is important to note that the greatest multiplicities of exceeding of the maximum single MPC were also detected in
the case of suspended solids and carbon monoxide, amounting to 2.0-13.2 MPC and 1.25-10.0 MPC, respectively. The
excess of MPC of formaldehyde in the surface air of the city reached 1.44-3.74, nitrogen dioxide — 0.45—1.85. The
average annual and maximum single concentrations of sulfur dioxide and nitrogen oxides during the studied time
interval, as shown by the conducted studies, did not exceed the values of the corresponding MPC.

Based on the average annual concentrations of the substances assessed, we calculated the values of complex
parameter P, which ranged from 4.0 to 5.0 over the specified period. This allowed us to conclude that there was a
dangerous level of surface air pollution.

Calculations of parameter P, based on the maximum single concentration of the substances studied in this work,
revealed a worrying level of contamination of the surface layer, since the values of parameter P were 22.0-28.5.

5 Ecological Bulletin of the Don.URL: https://xn--d1ahaoghbejbcSk.xn--plai/about/projects/all/19/?ysclid=Iwotyc7mh7723274679 (accessed:
28.03.2024). (In Russ.)
®R 2.1.10.192-04. Guidelines for Assessing the Risk to Public Health from Exposure to Chemicals that Pollute the Environment. Electronic fund of

legal and regulatory documents. URL: https://docs.cntd.ru/document/1200037399 (accessed: 28.03.2024). (In Russ.)
7 Cancer. World Health Organization (April 21, 2024). URL: https://www.who.int/health-topics/cancer#tab=tab_1 (accessed: 28.03.2024).
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Within the limits of Post II, the highest values of parameter P were identified, estimated by the average annual and
maximum single concentrations of pollutants considered in this study. As shown by the analysis of values of risk
indices of chronic exposure calculated in the work, depending on the location of the observation post, their values
varied from 33.5 to 37.1. The range of values of the acute exposure index was 15.9-22.6.

According to medical statistics, the respiratory system was the most vulnerable to acute and chronic health effects.
The proportion of respiratory disorders ranged from 38.22% to 42.37%. The contribution of the above-mentioned
threats and failures in the human respiratory system to the overall level of the acute exposure index reached maximum
values — from 45.47 to 49.81%. Therefore, it was obvious that the increased level of pollution of the surface air layer
posed a greater risk of acute exposure, which was consistent with both theoretical models and practical observations.

The value of the total risk of chronic intoxication varied depending on the location of the observation post — from
0.24 to 0.28. The risk level of chronic intoxication, as calculations showed, was mainly formed due to concentrations of
suspended solids, the contribution of which caused a wide range of values (from 35.27 to 47.81%) depending on the
location of the observation post of the atmospheric environmental monitoring network. Significant values of maximum
risk for individual impurities led to high levels of the total risk from pollutants identified in the studied composition

It is interesting to note that within observation Posts I and II located near highways, the value of the total risk of
immediate action was significantly influenced by the maximum risk level in terms of suspended matter concentrations,
reaching values of 0.58 and 0.69, respectively.

Near Post III, high concentrations of carbon monoxide, causing a significant level of maximum risk, led to an
increase in the total risk values to 0.58.

The air pollution analysis results in Novocherkassk were compared to data from the monitoring of surface air
pollution in Rostov-on-Don of the same range of pollutants for the period from 2017 to 2021.

The assessment of air pollution levels in Rostov-on-Don was based on the analysis of data collected from three air
pollution monitoring stations located in different parts of the city by the Federal State Budgetary Institution “North
Caucasian Department of Hydrometeorological Service” (Posts 51, 52, 55), which had the most representative spectrum
of substances taken into account [8].

Thus, Post 51 was located in the central part of Rostov-on-Don, at the intersection of highways with heavy traffic;
Post 52 was close to the location of industrial enterprises; Post 55 was located in the residential area of the city.

Table 1 presents the results of the comparative assessment of the levels of air pollution in urbanized and industrial
territories of Novocherkassk and Rostov-on-Don for 2017-2021. Indicators illustrating the level of air pollution turned
out to be more than 1.5 times higher in Novocherkassk than in Rostov-on-Don.

In Rostov-on-Don, the contribution of suspended solids to the immediate health risk was 24% higher than in
Novocherkassk. However, in Novocherkassk, the contribution of carbon oxide concentration to this type of risk was
2.5 times more significant than in Rostov-on-Don [9].

Table 1
Assessment of atmospheric air pollution levels in Novocherkassk and Rostov-on-Don o
Indicator Novocherkassk Rostov-on-Don
P parameter for average annual concentrations 4.42 2.63
P parameter for maximum concentrations 24.59 23.52
Hazard index for chronic exposure 35.70 24.34
Hazard index for acute exposure 19.47 20.94
Risk of chronic intoxication 0.25 0.18
Risk of immediate action 0.61 0.53

The results of the assessment of contributions of various airborne pollutants to the risk of immediate action are
presented in Figures 2 and 3.
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Nitrogen dioxide

2.25% Formaldehyde 1.09%
Carbon oxide 42.08% '\(’
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54.57%

Fig. 2. Contribution of pollutants to the risk of immediate health effects for the population of Novocherkassk

Nitric oxide 0.59%
Nitrogen dioxide 3.44%
Carbon monoxide |

16.45% i -

Formaldehyde 0.28%

Suspended solids
79.21%

Fig. 3. Contribution of pollutants to the risk of immediate health effects for the population of Rostov-on-Don

Meanwhile, there were no significant differences between these two cities in terms of the contribution of pollutants
to the risk of chronic intoxication.

Discussion and Conclusion. The calculations and analysis of the findings in this study reveal that the level of
surface air pollution in Novocherkassk, which is harmful to public health, is caused not only by the significant
emissions from industrial plants and vehicles but also by a combination of such natural and human-made factors as
insufficient rainfall against the backdrop of frequent meteorological conditions that facilitate the accumulation of
human-made pollutants in the surface layer, with a decrease in the proportion of green spaces, including urban forests
and park areas [10].

Among the most significant results of the study are the following:

1. The state of the surface air layer within Novocherkassk is unfavorable, since the established pollution levels
exceed permissible sanitary and hygienic standards. The highest danger to the health of the city's population is posed by
suspended solids and carbon oxides in the surface layer.
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2. The analysis of the results of calculations of indicator P within Novocherkassk allowed us to establish a
dangerous level of air pollution. At the same time, the accumulation of pollutants in the atmosphere of Rostov-on-Don
was assessed as causing concern.

3. Exposure to polluted air can lead to symptoms of chronic poisoning in 240 to 280 out of every thousand people.
When maximum concentrations of pollutants are reached, 579 to 692 residents may experience adverse reactions.

4. The most significant concern is the pollution of air space in Novocherkassk, particularly within the boundaries of
Post II, which is located at the junction of highways and near the impact zone of industrial enterprises.

5. Due to the dangerous level of atmospheric air pollution, it is recommended to expand the area of green spaces and
create two additional monitoring posts for atmospheric pollution: in the residential area of the city and near
Novocherkassk GRES, in the Donskoy district.
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