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ON ASSESSING
THE MORBIDITY OF THE POPULATION
ASSOCIATED WITH THE ATMOSPHERIC AIR
QUALITY ON THE EXAMPLE OF A RUSSIAN
CONSTITUENT ENTITY

N.V. Nikiforova, N.V. Zaitseva, S.V. Kleyn

According to the World Health Organization (WHO), 24% of the global burden
of diseases and 23% of all deaths associate with environmental factors. The presence
of chemical impurities in the air can have an adverse effect on the health of the
population. A connection has been established between the increased content of
chemical impurities in the air and the development of such pathologies as diseases
of the respiratory system, circulatory system, the formation of malformations, etc.
Many countries implement projects to improve air quality. For the purpose of
targeted development of management decisions aimed at minimizing the adverse
impact of atmospheric air on the health of the population, the study of the morbidity
of the population associated with the impact of priority atmospheric air hazard
factors is relevant. The research goal is to characterize the morbidity of the
population associated with air quality (on the example of Krasnoyarsk Krai) to
identify the priority factors of atmospheric air that form the greatest contribution
to the associated morbidity. The qualitative characteristics of the atmosphere and
the level of morbidity of the population in Krasnoyarsk Krai are estimated on the
basis of official data of federal and industry statistics. The analysis of the primary
morbidity of the population, designated by the WHO as an indication of the effect
of environmental factors, has been carried out. The authors calculate the number
of third-party cases of diseases associated with the quality of the atmosphere and
determine the priority risk factors. High proportions of air samples that do not
meet the standards for the content of heavy metals, benz(a)pyrene, xylenes (59% of
samples) have been registered over the territory of Krasnoyarsk Krai. Since 2012,
there has been an increase of 0.2%—6.4% in the indicators of primary morbidity,
indicated by the WHO as an indicator of the effect of environmental factors
and a significant increase in congenital anomalies (the growth rate is 93.2%,).
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Up to 231 thousand third-party cases of diseases of the general population with
diseases affecting the respiratory organs, circulatory system, hematopoietic organs,
nervous system, eyes and their appendages determine the presence of aromatic
hydrocarbons, nitrogen dioxide, hydroxybenzene (as well as its derivatives), benz(a)
pyrene, nitrogen oxide, ammonia, dihydrosulfide and carbon disulfide, sulfur dioxide
in the air in concentrations exceeding the standards. The most substantial number
of diseases associated with air quality forms in the class of respiratory diseases
(2020 — 587.4 cases per 100 thousand population, 64.5% of the total air-associated
morbidity).
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K BOITPOCY OLIEHKHU
3ABOJIEBAEMOCTH HACEJIEHUA,
ACCOIIMUPOBAHHOWM C KAYECTBOM
ATMOC®EPHOI'O BO3AYXA, HA IPUMEPE
CYBBEKTA POCCUIICKOM ®EJIEPALIUN

H.B. Huxugoposa, H.B. 3aityeea, C.B. Kneitn

C akmopamu oxpyxcaioweti cpeowl, no oyenkam Bcemupnoii Opzanuzayuu
30pasooxpanenus (BO3), mozym 6vims ceazamvl 24% enobanibHoco bpemeru bones-
netl u 23% ecex cmepmetl 8 mupe. Ilpucymcmaue Xumuieckux npumeceil 8 8030yxe
Mooicem OKAa3bl6amy HeONALONPUSAMHOE GIUSIHIE HA COCMOsIHUE 300P08bsl HAcele-
Husl. Yemanoenena cesasb mMedcoy noGublUeHHbIM CO0epAHCanuemM XUMU4eckux npu-
Mecell 8 6030yXe U pazgumuem maxKux namono2ull Kax 001e3Hu 0peaHo8 ObIXaHU,
Kpogoobpaujenus, gopmuposanue nopokog pazeumusi u np. Muozumu cmpanamu
peanusyiomcs npoekmul no yayuuieHuio kavecmea 6030yxa. [na yeneii aopecnoi
Paspadbomxu ynpasneHueckux peuenull, HanpasieHHvlX Ha MUHUMU3AYUIO He2d-
MUBHO20 B030€UCMBUS AMMOCHEPHO20 6030YXA HA 300POBbE HACENEeHUsL, AKMYAlb-
HOCMb npedcmasiisiem uzyieHue 3a0071e6aeMoCmu HaceleHus, ACCOYUUPOBAHHOU C
6030eticmauem npUoOpUMenHux Gaxkmopos onacHoCmu ammoc@epnozo 8030yxa.
Lenv uccredosanus — 0amov Xapakmepucmuxy 3a001e8aemMocmu HaceneHus, acco-
YUUPOBAHHOIL C Kauecmeom 6030yxa (Ha npumepe Kpacnoapckozo kpas), eblseums
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npuopumemmuvie Qaxmopvl ammocgeprozo 030yxa, gopmupyrowjue HauboOTLUIULL
6KIA0 6 accoyuuposannyio 3abonesaemocms. Kavecmeennvle xapaxmepucmuxu
ammocgepbl u yposenv 3abonesaemocmu Hacenenus ¢ Kpacnospckom kpae oyene-
Hbl HA OCHOBE OPUYUATLHBIX OAHHBIX (PeepanbHOll U OMPACIedol CIMAMUCTUKU.
Ilposeden ananus nepsuunoll sabonresaemocmu HacereHus, obosnavennoi BO3
6 Kauecmee UHOUKAYUU OMHOCUMENbHO Oelcmaus Gakmopos cpeovl. Ilposeden
pacuem Koauuecmea CMopoHHUX CIyHaes 3a001e8aHUll, ACCOYUUPOBAHHBIX C Kd-
uecmeom ammocghepul, onpedenenvl npuopumentvle pakmopwl pucka. Hao mep-
pumopueti Kpacnospckozo Kpas 3apecucmpupo8ansl 8bicoxue 00au npob 6030yxa,
He COOMBEeMCMBYIOUUX HOPMATNUBAM COOEPIHCAHUS MANACENBIX MEMANL08, OeH3(a)
nupena, xcunonog (59% npoo6). C 2012 2. ommeuen npupocm na 0,2-6,4% noxa-
3amenell nepsuuHoll 3abonesaemocmu, o3navennol BO3 ¢ kauecmee unoukamopa
OMHOCUMENLHO 0elicmeUs PaKmopos cpeobl, 3HAUUMbIL NPUPOCHL HO BPOIHCOECHHBIM
anomanusim (ypogeenv npupocma — 93,2 %). JJo 231 moicau cmoponnux ciyyaes
3aboneeanuti 0buje2o nacenenus OoNe3HAMU 3ampacusaoWUMu Op2anbl ObIXaHUs,
cucmemy KpogooopaujeHus, Kposb U KpOBEmaopHble Opeaibl, HePEHYIO CUCTIEMY),
271434 U UX NPUOAMOYHbBILL ANNAPAM ONPedeisiem NPUCYMCMEUe 8 6030yXe apoMo-y-
211e6000p0008, OUOKCUOA A30Md, 2UOPOKCUOEH30A (A MAKHCce €20 NPOU3BOOHDIX),
bewns(a)nupena, okcuoa azoma, amMmuard, OUcUOPoCyIb@uoa u cepoyeiepood, Ou-
OKCUOA Cepbl 8 KOHYESHMPAYUSAX, npesbiuualowux Hopmamugsl. Haubonvuee konuye-
CMBO ACCOYUUPOBAHHBIX C KAYECMBOM 6030VXd 3a001e6aHUll (hopmupyemcs 8 kaacce
bonesneti opeanos ovixanus (2020 2. — 587,4 ca. na 100 meic. nacenenus, 64,5% om
6cell accoyuupoB8anHoll ¢ 6030YX0M 3a001e8aeMOCL).

Kniouesvle cnosa: 3abonesaemocmn,; 6030elucmeue; XumMuieckue eewecmasd;
ammocghepHulil 8030YX; NAMONO2UU
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Introduction

Russian and international relevant studies have established that the environ-
ment affects the health of the population. According to the World Health Orga-
nization (WHO), 24% of the global burden of diseases and 23% of all deaths
associate with environmental factors [13].

Atmospheric air is an inhomogeneous complex mixture of gases, liquids,
and solid particles that can affect the health of the population [10]. Atmospher-
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ic pollution with carbon monoxide, suspended substances, ozone, heavy metal
compounds, nitrogen dioxide, nitrogen oxide, can trigger the onset or exacer-
bation of an existing pathology of such diseases as cerebrovascular diseases,
pneumonia, chronic obstructive pulmonary disease, influenza, osteoarthritis,
asthma, peptic ulcer disease, neoplasms, circulatory system diseases, hyper-
tension, diabetes mellitus, kidney diseases and rheumatism, pathologies of the
neuroendocrine system, (12) congenital malformations [12; 14—16].

The consequence of the adverse aerogenic effect of atmospheric air pollution
on the health of the exposed population is a significant burden of diseases and
economic consequences for the country. Therefore, many countries, including
the countries of the European Union and the Russian Federation, are taking
measures to improve air quality [11]. Thus, the “Ecology” national project is
currently being implemented in the Russian Federation, within the framework
of which the “Clean Air” federal project has been created. The purpose of the
latter is to improve the quality of the atmospheric air in the most polluted Rus-
sian cities. The project targets are to reduce the total volume of emissions of
non-normative substances into the atmosphere by 20%, as well as reduce the
number of large settlements with a high and very marginal level of atmospher-
ic pollution.

In this context, studying the morbidity of the population in highly urban-
ized territories in connection with the influencing factors of atmospheric air,
the establishment of priority pathologies and aerogenic factors that make the
most substantial contribution to the associated morbidity is relevant and prac-
tically in demand.

The research goal is to characterize the morbidity of the population associ-
ated with air quality (on the example of Krasnoyarsk Krai), to identify priority
aerogenic factors that form the most substantial contribution to the associated
morbidity.

Materials and methods

Krasnoyarsk Krai is a priority region with an unfavorable situation in terms
of atmospheric air quality on the basis of the government reports “On the state
of sanitary and epidemiological welfare of the population in the Russian Fed-
eration” in 20122019 [4]. It also bases on the data from the Federal State Sta-
tistics Service on emissions of pollutants into the atmospheric air coming from
stationary (2012—-2018) and mobile (2012-2018) sources.

The quality of atmospheric air in the studied territory has been assessed on
the basis of information from the departmental statistical reports of Rospotreb-
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nadzor [6] (Form 18 “Information on the sanitary condition of the subject of
the Russian Federation”) for 2012-2020.

The analysis of morbidity has been performed using data on the primary
morbidity of the population of the federal statistical collections entitled “Mor-
bidity of the entire population of Russia with a diagnosis established for the first
time in life” for 2012-2019. [3]. The analysis focuses on the types of morbidity
designated by the WHO as an indicator for the impact of environmental factors
[1]: diseases of the cardiovascular system (strokes, CHD), neonatal conditions,
malignant neoplasms, chronic respiratory diseases, etc.

In addition to the WHO-designated indicator health disorders, an analysis
of the indicators of primary morbidity of the population has been performed
for all target organs and systems that are susceptible to the effects of chemicals
present in the air of the territories of Krasnoyarsk Krai in quantities exceeding
hygienic standards.

The calculation of additional cases of diseases of the population associat-
ed with the quality of atmospheric air has been carried out in accordance with
Methodological Recommendations 5.1.0095-14 “Calculation of actual and pre-
vented economic losses from mortality, morbidity, and disability of the pop-
ulation associated with the adverse impact of environmental factors” [S]. The
models obtained on the basis of dynamic subject data (2012-2019) for the Rus-
sian Federation are used to calculate the number of associated cases of diseases
in the territory of the analyzed Russian region.

To characterize the dynamics of changes in indicators of both actual and
associated morbidity, an indicator of the growth rate has been calculated: for
actual morbidity — 2019 to 2012, for associated — 2020 to 2012.

Results

On the Krasnoyarsk Krai territory, a decrease in the total amount of pollutants
released into the atmospheric air from a hospital is recorded, the rate of decline
in 2018 compared to 2012 is 10.2%, and from mobile sources is 33.2% (Fig. 1).

In dynamics (2012-2020), the share of atmospheric air samples with excess
of standards in Krasnoyarsk Krai is decreasing: the rate of decline of the indi-
cator for all samples is 24.4%. For specific substances, such as benz(a)pyrene,
heavy metal compounds, xylenes, high proportions of air samples that have
not met the standards are recorded during the analyzed period: samples for xy-
lene — up to 59%, for benz(a)pyrene —up to 31%, for heavy metals — up to 21%.

For substances: sulfur dioxide, suspension of substances, lead compounds,
hydrocarbons (also aromatic), hydroxybenzene and its derivatives, benzene,
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ammonia, carbon monoxide, formaldehyde, there have been annual exceed-
ances of the standards of content in atmospheric air.

., 3000
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3 1500 - sources, in thousands of
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Fig. 1. Emissions of pollutants into the atmospheric air coming from stationary
and mobile sources, 2012-2018, in thousands of tons.

The maximum values of the proportion of samples that do not meet the
standards in some years for these substances reach 20% (aromatic hydrocar-
bons) (Table 1). The share of samples that do not meet the hygiene standards
for the rest of the substances monitored at the posts is below 1%, or for most
of the analyzed years, no excess of hygiene standards is recorded. Of all the
substances for which excess of hygienic standards has been recorded in dy-
namics for 2012-2020, negative trends — an increase in the share of samples
that do not meet hygienic standards — are noted for benz(a)pyrene, sulfur di-
oxide, benzene (the growth rate of indicators is 124.5%, 184.2%, and 41.9%,
respectively).

The registered excess of the hygienic standards indicated in Table 1 of sub-
stances can have an adverse effect on the health of the population, in particular,
on the immune system. It also includes the general development of the body,
the respiratory system, the endocrine and cardiovascular systems, circulatory
system, visual organs, central nervous system, kidneys, and liver.

The results of the analysis of morbidity, designated by the WHO as an
indicator in relation to the impact of environmental factors, indicate that in
the territory of the Krai for the analyzed period, an increase in the actual-
ly registered morbidity of the population at the primary stage of congenital
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anomalies and malformations, deformities and chromosomal disorders, neo-
plasms, diseases of the circulatory system and respiratory organs has been
noted: the growth rates of indicators are 93.2%, 6.4%, 2.4%, and 0.2%, re-
spectively (Table 2).

Table 1.
List of pollutants for which excess of hygienic standards
(Threshold limit value maximum single, Threshold limit value mean-diurnal)
of their content in the atmospheric air of settlements (urban and rural)
in Krasnoyarsk Krai, 2012-2020, in %, are registered

The proportion of samples exceeding the

Threshold limit value __ Threshold | Growth
Polluting substan limit value mam‘mum,mi]%lle% rate
olluting substance mean-diumal 2020 to
o Tzl E|El28] 202
S S [ S [ (= [ o o
Qlala|lala|lalalala
Total 45(43139(3.6(23(23|1.7|2.0|34 -24.4
Benz(a)pyrene 13.915.7{15.9/ 0.0 | 6.8 |10.8{19.0{ 9.0 |31.2 124.5
Heavy metals 9.0 [18.0{14.8|21.2{13.8]15.6/ 0.3 /0.2 | 0.2 -97.8
Xylene 59.0/1.4|4.8|6.7|11.0/0.0|1.0|0.7]19.0 -67.8

Lead compounds 3.6(8.2|11.6/16.7/9.319.1{0.2|0.0 (0.4 -88.9
Aromatic hydrocarbons |20.0( 1.4 [4.7]0.7|29(0.6|1.2]0.9 [13.0] -35.0
Hydrocarbons 18.0/ 1.7]13.7]1.0]124[0.6[1.0]0.8]10.6] -41.1
Suspended substances |54 (5745|108 (2.6|12]|63|3.1|1.3 -75.9

Sulfur dioxide 19]3.1125[32(28|23[3.6[/6.1|54 184.2
Benzene 31(04(45(03(0.7[{0.7{13|1.8(4.4 41.9
Hydroxybenzene

. N 21104128102 (13[06|1.7|1.4(0.7 -66.7
and its derivatives

Carbon monoxide 4710.1{02[0.1{04|04]|04|1.1]{04 -91.5
Formaldehyde 0.8105{09]0.1(1.7/0.0]0.4]3.0{0.3 -62.5
Ammonia 00[{0.0[27]0.0]50{0.7[0.0[0.2]0.2 -

In 2019, compared to 2012, there is a decrease in the indicators of primary
morbidity of the entire population with diseases of the central nervous system,
visual organs, liver diseases, the rates of decline of indicators are 14.7%, 21.7%
and 4.1%, respectively. The incidence rates in 2019 are 1,549.8 010000, 3,584.7 oooo
and 69.8 (o000~ €@ses per 100 thousand of the population of the correspond-
ing age). The indicator of the primary morbidity of the entire population with
the pathology of the neuroendocrine system increased by 7.5%, amounting to
1,305.1 0/0000 in 2019).
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Table 2.
Dynamics of indicators of primary morbidity of the total population
of Krasnoyarsk Krai by classes, indicative of the impact of environmental factors,
in 2012-2019 for diseases

0/0000

Class of diseases
Congenital anomalies Circulator .

Year (malforrgnations), deformities Il\Ieo- system ! R(e;plratory

and chromosomal disorders | P'35™S diseases 156ases
2012 53.2 1,481 3,265.4 29,522.4
2013 57.7 1,603.2 3,439 29,530.4
2014 72.6 1,615.2 3,284.7 28,552.2
2015 98.5 1,665.2 3,387.4 27,646.3
2016 90.6 1,592.2 3,660.2 28,975.4
2017 111.1 1,673.9 3,676.1 29,705.1
2018 96.7 1,552.6 3,742.9 29,438.2
2019 102.8 1,576.4 3,344.8 29,585.7

Growth rate 2019
t0 2012 93.2 6.4 2.4 0.2

The analysis of additional cases of diseases of the entire population associ-
ated with the quality of the atmosphere demonstrate that the number of cases
of diseases annually ranges from 9,763-231,559 cases, an average of 54,850
cases for the analyzed period. In 2020, the number of cases of the probability
associated with the air quality is 910.9 (26,109 absolute cases, including
child population—2,364 (13,513 absolute cases), for the adult working-age
population —433.8 | (7,151 absolute cases).

Particularly, the authors find that additional cases of morbidity of the entire
population with respiratory diseases, including asthma and status asthmaticus,
chronic unspecified bronchitis, circulatory system, hematopoietic organs, cen-
tral nervous system, eyes and their appendage diseases, are associated with
exposure to such chemical impurities present in the atmosphere as nitrogen
dioxide and its oxide, hydroxybenzene and its derivatives, carbon disulfide,
sulfur dioxide, aromatic hydrocarbons, ammonia, benz(a)pyrene, dihydrosul-
fide, chlorine (its compounds), carbon monoxide, formaldehyde, heavy metal
compounds, and lead compounds.

In 2020 in the structure associated with the air quality in the incidence of
the total population are dominated by the disease in the incidence of respiratory
and 64.5%, CNS — 29.6% of the circulatory system — 3.1%, the hematopoietic
organs and certain disorders involving the immune mechanism — 1.7%, eyes
and their appendage diseases — 1.1% (Fig. 2).
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Fig. 2. Structure of the morbidity rate associated with the quality of atmospheric air
of the entire population of Krasnoyarsk Krai in 2020, in %.

1’1 1'7

In dynamics, since 2012, there has been a decrease in the indicator of asso-
ciated morbidity of the entire population with respiratory diseases, the rate of
decline of the indicator in 2020 compared to 2012 is 53.8% (2020 - 587.4 .
or 16,836 absolute cases). Priority acrogenic factors for the formation of respi-
ratory pathologies are hydroxybenzene and its derivatives, nitrogen dioxide,
formaldehyde, nitrogen oxide, etc.

Adverse trends are noted in relation to the increase of the number of ad-
ditional cases of asthma and status asthmaticus in the total population by two
times (2012 3.2 %/ or 91 absolute cases, 2020 — 6,5 . or 188 absolute
cases), the increase in incidence due to the adverse trend of aerogenic priority
risk factors — growth samples of the atmosphere that do not meet the standards
for sulfur dioxide, hydroxybenzene (derivatives), nitrogen oxide, and nitrogen
dioxide. Simultaneously, the number of additional cases of chronic unspecified
bronchitis, probabilistically associated with atmospheric air quality, decrease
by 1.9 times in 2020 compared to 2012 (2020 — 180.9 or 5,184 absolute
cases 2012 —344.8 . or 9,786 absolute cases).

In dynamics, since 2012, the trend of decline in the incidence of the Gen-
eral population has been associated with diseases of the CNS (2020 — 269.0
w0000 OF 7,735 absolute cases), circulatory system (2020 — 28,6 /  or 10,515
absolute cases) and hematopoietic organs and specific disorders involving the
immune mechanism (2020 — 15.2 ., or 437 absolute cases), eyes and their
appendage diseases (2020 — 9.8 | or 280 absolute cases) — the attrition rate
of performance is 48.9%, 91.6%, 92.4%, and 64.5% respectively. The decrease

0/0000
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in associated morbidity is probably due to an improvement in the quality of the
atmosphere in terms of reducing the proportion of samples that do not meet hy-
gienic standards for priority aerogenic risk factors: hydroxybenzene and its de-
rivatives, sulfur dioxide, carbon oxide, formaldehyde, aromatic hydrocarbons,
and heavy metal compounds, including lead compounds.

Discussion

The research results confirm and complement data of previously published stud-
ies [2; 7-9; 15]. For the formation of effective actions to minimize the adverse
impact on the health of the population of atmospheric pollution, it is updated to
conduct a targeted study of priority influencing factors, zones of their influence,
risk contingents, and types of relevant health disorders. Such studies allow, among
other things, one to perform predictive estimates of economic losses associated with
environmental protection and prevention of diseases of the population, as well as to
assess the effectiveness of costs [5]. The focus of further research in this area should
be directed to studying the peculiarities of the influence of atmospheric pollution on
the state of health in the context of gender and age groups, taking into consideration
regional climatic and geographical features, etc. The formation of risk profiles of
territories is also relevant, with the allocation of the specifics of the influencing risk
factors and reflection on the part of the health of the population.

Conclusion. The research results indicate that there is a positive trend in
Krasnoyarsk Krai of reducing emissions of pollutants (2012—2018) both from
stationary sources by 10.2% and from mobile sources of pollution by 33.2%.

Simultaneously, high proportions of samples that do not meet the standards
are registered annually for such substances as xylenes, benz(a)pyrene, heavy
metals up to 59% of samples. These substances are specific for emissions of
enterprises in the region. The share of samples with exceeding the standards for
the content of benz(a)pyrene, sulfur dioxide, benzene is growing: the growth
rate of indicators in 2020 compared to 2012 has grown from 41.9% to 184.2%.
For the remaining monitored substances, a favorable trend is registered to re-
duce the proportion of samples that do not meet the standards.

The results of the assessment of the primary morbidity of the population
with diseases designated by the WHO as indicative diseases in relation to the
quality of the habitat indicate that an unfavorable trend in the growth of new
cases of congenital anomalies and malformations is registered in the territory
of the region (the growth rate of the indicator is 93.2%). Compared to 2012,
there is an increase of 0.2%—6.4% in the incidence of neoplasms, circulatory
system, and respiratory organs.
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The research results show that the average for the analyzed period is approx-
imately 54 thousand (9231 thousand) third-party cases of diseases of the gen-
eral population associate probabilistically with the presence in the atmosphere
of hydroxybenzene (derivatives), sulfur dioxide, ammonia, benz(a) pyrene, ni-
trogen oxide and dioxide, dihydrosulfide, chlorine and its compounds, carbon
disulfide, carbon monoxide, formaldehyde, aromatic hydrocarbons, heavy metal
compounds (lead compounds) in concentrations exceeding the standards.

The significant number of diseases associated with the quality of the atmo-
sphere forms in the classes of respiratory diseases (2020 - 587.4 “or 16,836
absolute cases) and the nervous system (2020 — 269.0 ., or 7,735 absolute
cases). Priority risk factors are hydroxybenzene and derivatives, nitrogen diox-
ide, aromatic hydrocarbons, lead compounds, carbon monoxide, formaldehyde,
and nitrogen oxide.

The number of cases of diseases of all classes associated with the quality
of the atmosphere (respiratory diseases, diseases of the nervous system, dis-
eases of the circulatory system, hematopoietic organs, and individual disorders
involving the immune mechanism, diseases of the nervous system, diseases of
the circulatory system, eyes and their appendage diseases) has been decreasing
since 2012. The rate of indicator decline is in the range from 48.9% to 92.4%.
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