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Background. One of the factors influencing the health of the population, which
is the object of one of the federal projects, is atmospheric air. Many studies have
established that atmospheric air pollution with chemical impurities can cause the
onset of a new or exacerbation of an existing pathology in humans.

Purpose. Assess the impact of atmospheric air pollution on the health indicators
of the population of the Russian Federation.

Materials and methods. The hygienic assessment of atmospheric air quality was
carried out using the data from Rospotrebnadzor form 18 for 2012-2021, data from
the federal information fund for social and hygienic monitoring. The analysis of the
primary morbidity of the population was carried out using statistical collections
“The incidence of the entire population of Russia with a diagnosis established for
the first time in life” for 2012-2021. The calculation of additional cases of popula-
tion diseases associated with atmospheric air quality was performed in accordance
with Methodological recommendations 5.1.0095-14.

Results. For the period 2012-2021 on the territory of the Russian Federation,
the share of atmospheric air samples that do not meet hygienic requirements de-
creased by 1.69 times. Priority substances for which excesses of standards are
registered are: benz(a)pyrene, xylene, hydrogen chloride, nickel oxide, ozone, ethen-
ylbenzene, hydrochloride, methanethiol, particulate matter, formaldehyde, etc. Im-
provement in atmospheric air quality has reduced the number of additional cases
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of disease from all causes associated with air pollution. The structure of additional
morbidity associated with atmospheric air quality is dominated by diseases of the
respiratory, digestive, circulatory, and nervous systems. Additional cases of diseases
of the population associated with air quality are registered, depending on the class
of diseases, in the territories of 22-42 subjects of the Russian Federation.

Conclusion. The results obtained can be used in the formation of monitoring
programs aimed at reducing priority chemical impurities in the atmospheric air and
developing programs for the primary prevention of the population from diseases
associated with atmospheric air quality.

Keywords: atmospheric air, associated morbidity; impact of atmospheric air
on health
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Hayunast cratbst

OIIEHKA BJIUSIHUS 3ATPSI3HEHU S
ATMOC®EPHOI'O BO3/1YXA HA 3JIOPOBbE
HACEJIEHUSI POCCUHCKOM ®EJIEPAIIUN

C.B. Kneiin, H.B. Hukugoposa, C.A. Bexosuwununa

Obocnosanue. Oonum u3 haxmopos, okazvleaAWUX GIUAHUE HA 300P0GHE
Hacenenust, u SAGAI0We20Cs 00bEKMoM 00H020 U3 PedepanrbHbIX NPOEKMOo8, s16-
asiemes ammocgepuvlii 6030yx. Muozumu ucciedosanuamu ycmanogieHo, 4mo
3aepAzHeHue ammoc@heprHoeo 8030yXa XUMUYECKUMU NPUMECAMU Modcem 00)-
CAABIUBAMD HAYATO HOBOU UTU 0DOCMpPenUe yice cyujecmayioujelt namorocuu
¥ uenogexa.

Henv. Oyenums enusnue 3a2pA3HeHUs. AMMOCHEPHO20 8030YXa HA NOKA3ame-
Ju 300po6wst hacenenust Poccutickoii @edepayuu.

Mamepuanst u memoowl. [ ucuenuyeckas oyeHka Kaiecmsa ammoc@hepHoo
6030yXa NPOBEOEHA € UCNONB308AHUEM OaHHbIX (opmbl 18 Pocnompebnadszopa 3a
2012-2021 ee., 0annwix (hedepaibHo20 UHPOPMAYUOHHO20 POHOA COYUATLHO-CU-
2UEHUYeCKO20 MOHUmMOopuned. Ananu3 nepeuunol 3a601e8aemMocmu Hacenenus
npoGOOUNU C UCNONL30BAHUEM CIATNUCTIUYECKUX COOPHUKO8 «3abo1eeaemocms
6ceeo nacenenusi Poccuu ¢ 0uasno3om, yCmaHo8IeHHbIM 8NePable 8 JCUSHUY 3d
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2012-2021 ce. Pacuem 0onoiHumenvhvix ciyuaes 3a00/1e8aHull HaceleHUsl, acco-
YUUPOBAHHBIX C KAYECTNBOM AMMOCHepHo20 86030yXa, GbINOIHEH 8 COOMBEMCmMEUU
¢ Memoouueckumu pexomernoayusimu 5.1.0095-14.

Pesynomamut. 3a nepuoo 2012-2021 ze. na meppumopuu Poccutickou @edepayuu
YOenbHblIL eC NPOO AMMOCHEPHO20 8030YXA, He COOMBEMCMEYIOUUX CUSUCHUYECKUM
mpebosanusam, chuzuncsa é 1.69 pasa. Ilpuopumemmnvimu 6eujecmseamu, no KOmopbim
pecucmpupyromcs npevluleHs. HOPMAmueos, AGIAIMCA: OeH3(a)nupen, KCuion,
XZOPUCIBILL 6000POO, HUKELb OKCUO, 030H, IMEHUNOEH30], 2UOPOXTIOPUO, MEMAHMUOI,
836euenHble elyecmed, popmanvoe2ud u np. Yayuuienue kauecmea ammoc@eprnozo
6030VXd NO36ONULO CHU3UMD 6 2.8 PA3a YUCTIO OONOTHUMETbHBIX CIIyYaes 3a001e8aHUll
OM 6CeX NPUUUH, C8A3AHHBIX C 3A2PAZHEHUEM AMMOCPHepHo20 6030yxa. B cmpykmype
0ononHumenbHoll 3a0071e6aeMoCmu, AcCOYUUPOBAHHOT C KAUECTHBOM AMMOCPHEPHO20
6030yxa, npeodnadarom 601e3HU OP2aAHO8 ObIXAHUSL, OP2AHOS8 NUUEBAPEHUS, CUCTIeMbL
Kp0600Opauenusl, HepeHoul cucmembl. JJononnumenshvle cayuau 3a001e6anutl Hace-
JIeHUsL, ACCOYUUPOBANHbBLE C KAYECMEOM 8030VXd, Pe2UCTNPUPYEMCS, 8 3a8UCUMOCIU
om kaacca bonesuell, Ha meppumopusx 22-42 cyovexmos PD.

3akniouenue. Ilonyyennvie pe3yrvmamovl Mo2ym Oblmb UCNOIb308AHBL NPU
Gopmuposanuu npozpamm nab0Oe s, HaNPAGIEHHbIX HA CHUICEHUE 8 AMMOC-
Geprom 8030yxe NpUOPUMEMHBIX XUMUUECKUX npumecell U pazpabomxu npo-
2PAMM NepeuUUHOl NPOPUIAKMUKYU HACELEHUs NO 3a001e6aAHUAM, ACCOYUUPOBAH-
HBIM € KA4eCcmeoM ammocgepHoz2o 6030yxa.

Knwouegvie cnosa: ammocgepuwviii 6030yx; accoyuupoganuas 3adonesae-
MOCmb,; BIUAHUE AMMOCPHEPHO20 B030YXA HA 300POGLE
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Introduction

Public health is a vital criterion that determines a state as a developed and
socially oriented one. It is important to examine and understand factors influ-
encing public health since this gives an opportunity to make public healthcare
more effective and to adapt it to constantly changing conditions in the contem-
porary world [2]. Over the last decade, several federal projects have been ac-
tively developed and approved in the Russian Federation. Their primary goal is
to improve the environmental situation in the country as well as public health
[1]. Ambient air is among factors producing effects on public health and it is the
primary object within one of these federal projects [5, 6, 11, 13].
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Multiple studies have established that chemical pollution in ambient air
can induce a new pathology in a person or exacerbate an already existing one.
Ambient air pollution with chemicals is known to make a certain contribution
to development of such diseases as respiratory ones (pneumonia, chronic ob-
structive pulmonary disease, flu, cerebrovascular diseases, asthma), malignant
neoplasms, circulatory diseases including hypertension, diseases of the endo-
crine system (diabetes mellitus), kidney diseases, congenital malformations,
etc. [3, 4, 7-10, 12].

Given that, it is vital to establish priority health disorders associated with
ambient air quality as well as priority chemicals that probabilistically cause
these disorders.

Materials and methods

Our hygienic assessment on ambient air quality relied on data taken from
the statistical reports issued by Rospotrebnadzor (Form No. 18 “Data on the
sanitary situation in a given RF region) in 2012-2021 as well as data provid-
ed by the federal information fund of social and hygienic monitoring (SHM).

Data on incidence among the country population were taken from the sta-
tistical collections “Incidence among the whole RF population with diagnoses
put for the first time” in 2012-2021. Therefore, we analyzed primary incidence.

A number of additional disease cases among population associated with am-
bient air quality was calculated in accordance with the Methodical Guidelines
5.1.0095-14 “Calculation of actual economic losses caused by population in-
cidence, mortality and disability and associated with negative effects produced
by the environmental factors and similar losses prevented due to control and
surveillance activities”. We applied models built with the use of dynamic data
on RF regions (2012-2021) to calculate a number of associated disease cases
in RF regions.

Results

Assessment of the existing inhalation exposure

According to data obtained by instrumental research on ambient air quality
in the Russian Federation, over a period from 2012 to 2021 a share of ambient
air samples that did not conform to hygienic standards went down by 1.69 times.
This indicator was equal to 0.79% in 2021. This favorable descending trend in
anumber of samples deviating from the hygienic standards was typical for both
urban settlements where it decreased from 1.37% to 0.82% (by 1.67 times) and
rural ones, from 1.08% to 0.54% (by 2 times).
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In 2021, the hygienic standards existing in the RF were violated as per
contents of such chemicals in ambient air as benz(a)pyrene (5.98% of samples
with its concentration exceeding MPC), xylene (2.85% of samples), and hydro-
gen chloride (1.2% of samples). A share of ambient air samples that contained
the same chemicals in concentrations higher than MPC also grew; this growth
amounted to 3.15 times for benz(a)pyrene, 2.85 times for xylene and 1.67 times
for hydrogen chloride. Besides, a growing share of samples with chemical con-
centrations exceeding MPC was detected for toluene (by 1.61 times) and chlo-
rine and its compounds (by 1.6 times).

Some chemicals were detected in concentrations up to five MPC; the list
includes nitrogen oxide, ammonia, benzene, particulate matter PM, , PM_
dihydrosulfide, xylene, sulfur dioxide, styrene, toluene, heavy metals, carbon
(soot), carbon oxide, phenol, formaldehyde, hydrogen fluoride, and ethylben-
zene. When these chemicals occur in ambient air in concentrations being higher
than the hygienic standards, this may cause elevated incidence regarding dis-
eases of the respiratory organs, immune system, central nervous system, liver
and others among exposed population.

In 2021, priority territories with high shares of ambient air samples with
chemicals contents exceeding MPC included Yakutia, Transbaikalia, Buryatia,
Vladimir region, Chelyabinsk region, and Krasnoyarsk region (Table 1).

Table 1.
Priority RF regions as per a share (%) of ambient air samples with elevated
chemical contents in urban and rural settlements’, 2021

RFregion  |2012|2013|2014|2015(2016(2017|2018|2019]2020[2021 | 8rOWth against

2012, %
Yakutia 1.13]0.90 | 3.48 |0.77]0.56 | 1.40]0.38]0.51 | 0.48 | 6.28 +454.2
Transbaikalia 14.2621.04]16.73|7.50[2.36 [ 0.77{0.00 | 2.40 | 6.38 | 5.93 -58.4
Buryatia 10.67 4.80 [ 6.25[6.55(2.25[3.52[3.26[3.02(7.86 | 4.89 —54.1

Vladimir region 1.9910.27|8.3810.56(0.42]0.53]0.78 |0.53]0.63 [4.56 +129.4
Chelyabinsk region | 1.57 | 1.71 [ 4.62 |1.07|1.21(2.17|1.89{0.80(2.13|3.25 +107.1
Krasnoyarsk region|4.50 | 4.31(3.92(3.61(2.29(2.31|1.71{1.99|3.39|2.35 —47.8

High concentrations (higher than five MPC) of chemicals in ambient air
were detected in the following regions:

! The table provides data only on those RF regions where in 2021 more than 800 single
concentrations were detected by measurements accomplished within the complete control
program performed during 200 and more days a year (State Standard GOST R59059-2020
“Environmental protection. Control of ambient air pollution. Terms and definitions™)
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— benz(a)pyrene and ethylbenzene in Transbaikalia;

—benz(a)pyrene, xylene, particulate matter, including PM, , PM
sulfide, sulfur dioxide, and toluene in Krasnoyarsk region;

— bezn(a)pyrene and xylene in Buryatia;

— particulate matter, including PM, , PM, ,, in Yakutia;

— particulate matter PM, ; and benz(a)pyrene in Chelyabinsk region.

Apart from these regions, chemicals pollutants were detected in ambient air
in concentrations exceeding five MPC in other 15 RF regions including Irkutsk
region, Kirov region, Krasnodar region, Murmansk region, Bashkortostan, Ry-
azan region, Kemerovo region, Kaluga region, Kostroma region, Sverdlovsk
region, Primorye, Omsk region, Karelia, Khabarovsk region, and Chukotka.

We analyzed data provided by the federal information fund of social and
hygienic monitoring and revealed that in 2021 99.34% of ambient air samples
conformed to the hygienic standards as per average daily MPC and this was by
0.92% higher than in 2012 (98.42% samples). Overall, in 2012-2021 a share
of ambient air samples with chemicals contents that were higher than average
daily MPC went down by 2.5 times in the country. Concentrations higher than
average daily MPC were detected only in 0.66% of ambient air samples.

In 2021, chemical pollutants in concentrations higher than their average dai-
ly MPC were detected in ambient air samples in 61 RF regions. Out of them,
these violations were detected in more than 5% of samples in 7 RF regions
including the Khanty-Mansi Autonomous Area (16.05% of samples), Mari El
Republic (8.9% of samples), Tyva (6.07% of samples), Omsk region (5.42%
of samples), Dagestan (5.2% of samples), Vologda region (5.19% of samples),
and Buryatia (5.1% of samples).

According to social and hygienic monitoring data, priority chemical pollut-
ants in ambient air include benz(a)pyrene (a share of samples with its concen-
tration exceeding average daily MPC is 17.77%), nickel oxide (recalculated as
per nickel) (4.92% of samples), ozone (3.24% of samples), gaseous fluoride
compounds (recalculated as per fluoride) (2.16% of samples), styrene (2.07% of
samples), hydrochloride (1.45% of samples), methanethiol (1.44% of samples),
particulate matter (1.32% of samples), and formaldehyde (1.24% of samples).

Therefore, we have established an overall descending trend in the RF for the
number of ambient air samples deviating from the hygienic standards during
the period from 2012 to 2021. Priority chemicals that still occur in ambient air
in concentrations deviating from the hygienic standards include benz(a)pyrene,
xylene, hydrogen chloride, nickel oxide, ozone, gaseous fluoride compounds,
styrene, hydrochloride, methanethiol, particulate matter and formaldehyde.

dihydro-

2.5°
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Assessment of additional incidence among population associated

with ambient air quality

We assessed additional incidence among the RF population that was asso-
ciated with ambient air quality. The assessment revealed that a number of ad-
ditional disease cases due to all causes associated with ambient air pollution
went down by 2.8 times in 2021 against 2012 and was equal to 520.44 cases
per 100 thousand people. Additional disease cases among the RF population
occurred due to ambient air being polluted with nitrogen oxide, ammonia, par-
ticulate matter, hydroxybenzene and its derivatives, dihydrosulfide, aromatic
hydrocarbons, manganese, lead, sulfur dioxide, carbon oxide, formaldehyde,
fluoride and its compounds (recalculated as per fluoride), hydrogen fluoride,
chlorine and its compounds and some other chemicals.

Diseases of the respiratory organs prevailed in the structure of addition-
al incidence among the RF population associated with ambient air pollution.
They accounted for 69.7%. The second place belonged to diseases of the di-
gestive organs (13.5%); the third place, circulatory diseases (7.1%); the fourth
place, diseases of the nervous system (3.4%). All other groupings of diseases
accounted for less than 2% in the structure of additional incidence associated
with ambient air pollution.

In 2021, a number of additional respiratory diseases among population that
were probabilistically associated with ambient air quality went down by 3 times
against in 2021. In 2021, this indicator was equal to 520.44, ~ “or 1.4% of the
actual incidence due to this cause. Priority risk factors that caused additional
incidence with respiratory diseases included elevated concentrations (exceeding
the hygienic standards) of the following chemicals in ambient air: hydroxyben-
zene and its derivative, dihydrosulfide, fluoride and its compounds, ammonia,
particulate matter, aromatic hydrocarbons, formaldehyde and others.

Chemicals occurring in ambient air probabilistically caused additional cas-
es of respiratory diseases in 42 RF regions, within the range from 2.9 (Kirov
region) to 11,479.5 (Chukotka) additional cases per 100 thousand people. This
indicator was higher than on average in the country in 14 regions and this de-
viation varied from 1.8 to 21.4 times. Several regions were considered priority
ones as per the number of additional respiratory diseases cases including Chu-
kotka where this indicator was by 22 times higher than in the RF on average;
Transbaikalia, by 9.3 times; Chelyabinsk region, by 7.9 times; Lipetsk region,
by 5.8 times; and Udmurtia, by 5.3 times.

The number of additional digestive diseases that are probabilistically asso-
ciated with ambient air quality also decreases. In 2021, this indicator was equal
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to 101.9 ., (3.9% of the actual incidence due to this cause) and this was by 1.2
times lower than in 2012. Additional cases of digestive diseases predominantly
occurred due to elevated concentrations (higher than the hygienic standards) of
aromatic hydrocarbons, including xylene, and some other chemicals in ambient
air. Additional cases of digestive diseases associated with ambient air pollution
were registered in 22 RF regions within the range from 3.4 to 2380.43 .. This
indicator was higher than on average in the country in nine regions and this de-
viation varied from 1.2 to 23.5 times. Several regions were considered priority
ones as per the number of additional digestive diseases cases including Vladimir
region where this indicator was by 23.5 times higher than on average in the RF;
Chelyabinsk region, by 13.6 times; Bryansk region, by 10 times; Sverdlovsk re-
gion, by 6 times; Primorye, by 4.2 times; and Krasnoyarsk region, by 2.3 times.
Additional cases of circulatory diseases among the RF population were
mostly caused by exposure to carbon oxide and other chemicals in concentra-
tions exceeding the hygienic standards. Additional incidence of such diseases
amounted to 52.9 ., (1.8% of the actual incidence due to this cause) in 2021
and went down by 2.2 times against its level in 2012. Additional cases of cir-
culatory diseases were registered in 40 RF regions within the range from 0.99
00000 (MoOscow) to 584.5 | (Tomsk region). This indicator was higher than on
average in the country in 13 regions and this deviation varied from 2.0 to 11.0
times with its maximum values detected in Tomsk region, Altai region, Saratov
region, Omsk region and Kursk region.
Additional incidence of diseases of the nervous system associated with ambient
air quality went down by 3.4 times from 2012 to 2021 when it was equal to 25.3
oo (2-0% of the actual incidence due to this cause). Priority chemicals that made
the greatest contribution to the associated incidence of nervous diseases included
dihydrosulfide, aromatic hydrocarbons, lead, carbon oxide and some others.
Incidence among population was probabilistically associated with ambient
air quality in 54 RF regions. This indicator was higher than its average country
level in 17 regions and this deviation varied from 1.5 to 9.6 times. The highest
deviation levels were detected in Tomsk region where the indicator was by 9.6
times higher than on average in the country; Yakutia, by 7.4 times; Altai region,
by 6.4 times; Omsk region, by 6.2 times, and Saratov region, by 5.7 times.
Therefore, we established priority health disorders associated with ambient
air quality. They include diseases of the respiratory system, diseases of the di-
gestive organs, diseases of the circulatory system and diseases of the nervous
system. We also established priority chemicals that probabilistically caused
additional incidence among population. These chemicals were nitrogen oxide,
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ammonia, particulate matter, hydroxybenzene and its derivatives, dihydrosul-
fide, aromatic hydrocarbons, manganese, lead, sulfur dioxide, carbon oxide,
formaldehyde, fluoride and its compounds (recalculated as per fluoride), hy-
drogen fluoride, chlorine and its compounds and others.

The results obtained during the study confirm and supplement the data of
previously published studies [15-20].

Conclusion
The research results revealed the following.

1.

We established a positive trend in the RF regarding a share of ambient
air samples that did not conform to hygienic standards. This share went
down by 1.69 times over the period from 2012 to 2021. The descending
trend was typical for both urban settlements where this share decreased
by 1.67 times and rural ones where it dropped by 2.0 times.

Priority chemicals that are detected in concentrations exceeding the hy-
gienic standards include benz(a)pyrene, xylene, hydrogen chloride, nick-
el oxide, ozone, gaseous fluoride compounds, styrene, hydrochloride,
methanethiol, particulate matter and formaldehyde.

. Priority territories where a share of samples with chemical contents ex-

ceeding MPC was the highest in 2021 include Yakutia, Transbaikalia,
Buryatia, Vladimir region, Chelyabinsk region, and Krasnoyarsk region.
Ambient air quality improved in the country and this resulted in by 2.8
times lower numbers of additional diseases due to all causes associated
with ambient air pollution. In 2021, incidence associated with ambient
air pollution amounted to 520.44 cases per 100 thousand people.
Additional cases of diseases among the RF population are caused by ex-
posure to nitrogen oxide, ammonia, particulate matter, hydroxybenzene
and its derivatives, dihydrosulfide, aromatic hydrocarbons, manganese,
lead, sulfur dioxide, carbon oxide, formaldehyde, fluoride and its com-
pounds (recalculated as per fluoride), hydrogen chloride, chorine and its
compounds and other chemicals in ambient air.

Diseases of the respiratory organs prevail in the structure of additional
incidence associated with ambient air quality (69.7%). They are fol-
lowed by diseases of the digestive system, 13.5 %; diseases of the cir-
culatory system, 7.1%; and diseases of the nervous system, 3.4%.
Incidence of respiratory diseases associated with ambient air quality was
detected in 42 RF regions; digestive diseases, 22 RF regions; circulatory
diseases, 40 regions; diseases of the nervous system, 54 RF regions.
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8. In several RF regions, a share of ambient air samples that contained
chemicals in concentrations higher than MPC was very high and this
resulted in higher incidence. Thus, in Yakutia additional incidence of
nervous diseases was by 7.4 times higher than on average in the country;
in Transbaikalia, additional incidence of respiratory diseases was by 9.3
times higher than on average in the country; in Chelyabinsk region, ad-
ditional incidence of respiratory diseases was by 7.9 times higher and of
digestive diseases by 13.6 times higher than on average in the country.

9. Our results can be used to develop regional programs aimed at reduc-
ing concentrations of priority chemicals in ambient air. They are also
relevant for use in developing primary prevention programs regarding
diseases associated with ambient air quality.
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