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RANKING OF TERRITORIES IN THE VORONEZH REGION BY THE INCIDENCE RATES RESULTING
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Numerous studies conducted by domestic and foreign researchers report the influence of environmental pollution on shaping morbidity of a population. The study
was aimed to rank the territories of the Voronezh Region by the incidence rates probably resulting from chemical pollution of atmospheric air, drinking water, soils
in residential areas recorded in 2018-2022. The districts were divided into three groups based on the long-time annual average incidence rates. The degree
of correlation between the disease entities and the chemical environmental factors was determined through correlation analysis. The findings have shown that
the city of Voronezh and Pavlovsky District are the territories at risk of the disorders with the etiology that is likely to be associated with chemical air pollution.
The territories at risk of the disorders that are likely to be associated with chemical pollution of drinking water include Kashirsky, Kantemirovsky, Olkhovatsky,
Ternovsky, Khokholsky districts, while the territories at risk of the disorders that are likely to be associated with chemical pollution of soils in residential areas
include the city of Voronezh, Borisoglebsky city district, Liskinsky and Rossoshansky districts. The situation observed in the above administrative territories requires
in-depth study of the degree of the impact of chemical factors on public health and identification of the sources of these factors. The findings can be used to develop
the guidelines on minimization of the adverse effects of chemical environmental factors on public health in the region.
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PAH>XXVPOBAHWE TEPPUTOPUW BOPOHEXXCKOW OBJTACTU MO 3ABEOJIEBAEMOCTU
HACEJNEHNSA, OBYCNOBJTEHHON XUMWUYECKOW HAIPY3KOM
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B MHOrO4/CAEHHbIX UCCNEefoBaHNAX OTEHECTBEHHbIX 1 3apYOEXHbIX YHEeHbIX OTMEYEHO BUSHVE 3arpAasHeHUs OKpy>KatoLLen cpeabl Ha opmypoBaHne
3aboneBaeMoCTV HaceneHus. Lienbto paboTbl 6bI10 parKnpoBaTb TepPUTOPUK BopoHecKon obnactv Mo nokasaTensm ypoBHA 3a00N1eBaeMOCTY, BEPOSTHO
0BYCNOBNEHHOW BAVSIHUEM XUMWHECKOIO 3arpasHeHns atMocdepHOro Bo3ayxa, NUTbEBOM BOAbI, MOYBbl CENUTEOHbIX TeppuTopwin, 3a 2018-2022 rr. PanoHbl
pasgennn Ha TpW rpynnbl MO CPEAHEMHOrONETHEMY YPOBHIO 3abonesaemocT. CTeneHb B3aMMOCBS3M HO30MOMMHECKMX (hOPM C XUMUHECKMM hakTopamm
OKPY>KatoLLe Cpefbl YCTaHOBMM C MOMOLLIpIO KOPPENSALMOHHOrO aHanmaa. 1o pesdynsrtatam NpoBefeHHOrO UCCNEA0BaHNS YCTaHOBEHO, YTO B BOpoHexcKom
06nacT «TeppUTOPUSMN PUCKa» MO 3ab0NIEBaHNAM, ITVONOMMHECKN BEPOSTHO CBSA3aHHBIM C XUMUHECKVM 3arpssHeHnem atMocqepHoro Bo3ayxa, ABnsioTcs
r. BopoHex v MaBnosckuin paioH. K «TeppryTopurisiv pricka» No HO3010M 1M, BEPOSITHO 0BYCNOBAEHHBIM XUMUHECKUM 3arPsi3HeHeM NUTLEBOW BOAbI, OTHECEHb!
Kawmpckuin, KaHtemmnposckuii, OnbxoBaTCKMii, TEPHOBCKIIA, XOXONbCKUIA parioHbl, a K «TEPPUTOPUSIM prUcKa» No 3a60NeBaeMOCT, BEPOSTHO 0BYCNIOBAEHHOM
XVMUYECKNM 3arpsiBHEHVEM MOYBbI CENUTEOHBIX Tepputopuii, — . BopoHex, Bopurcornebekuii ropoackor OKpyr, JIMCKUHCKMA 1 POCCOLLAHCKUIA parioHbl.
CuTyauys Ha yka3aHHbIX agMVHUCTPATVIBHbIX TEPPUTOPUSX TPEOYET YriyBneHHOro N3y4eHns CTeneHn BAMSHAS XVMUYECKIX (DakTOPOB Ha 3[00POBbe HaceneHns
1 BbISBNEHNS X UCTOYHUKOB. Pe3ynstatbl MCCnenoBaHns MoryT ObiTb MCMONb30BaHb! 418 Pa3paboTKy PEKOMEHAALMIA MO MUHUMM3ALIMN BPEOAHOMO BAUSHUS
XUMUHECKX (DaKTOPOB OKPY>KaOLLIEN Cpefbl Ha COCTOSHUE 3A0POBbLS HACENEHUS PernoHa.
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Health preservation and improvement provide the basis for
the development of the state [1]. In numerous studies, domestic
and foreign researchers report the influence of environmental
pollution on shaping morbidity of a population [2-9]. Thus,
the papers by a number of researchers report the development
of cardiovascular, endocrine, digestive system, respiratory
tract, skin disorders, malformations and cancer resulting from
atmospheric air pollution [10-12]. In particular, the situation
in the Voronezh Region is discussed, where predominance
of the contribution of chemical atmospheric air pollution
by motor vehicles over the contribution of industrial enterprises

is observed, as in many other regions [13, 14]. The papers by many
researchers report the impact of drinking water contamination
with arsenic, manganese and other substances on public
health in Dagestan, Far East and other regions of our country
[15-18]. Some papers are focused on the Voronezh Region,
where natural factors of drinking water pollution prevail (iron,
total hardness, manganese, boron, fluorine), but anthropogenic
influence, associated mainly with contamination of drinking
water with nitrates, is also possible [19, 20]. The paper [21]
discusses the issues of direct (oral) intake of hazardous
substances from soils of residential areas by children and its impact
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Table. Assessment scale for overall incidence among individuals aged 18 and older (number of cases per 1000 population)

Incidence 18 years of age and older
Low 1323.59 and below
Medium 1323.59-1559.35
High 1559.35 and above

on pediatric morbidity. Thus, the relevance of the issue
of the chemical environmental pollution impact on morbidity
of a population grows with the development of industry,
transport, and agriculture.

The study was aimed to rank the territories of the Voronezh
Region by the incidence rates probably resulting from
chemical pollution of atmospheric air, drinking water, soils
in residential areas.

METHODS

The study involved the data provided by the Center for Hygiene
and Epidemiology in the Voronezh Region on the morbidity
of a population and the results of laboratory testing of atmospheric
air, drinking water, soils in residential areas of the Voronezh
Region for the years 2018-2022.

The ranking method represented the procedure involving
determination of the long-time annual average incidence per
1000 pediatric (under the age of 14 years) and adult (18 years
and older) population; calculation of standard deviations (o)
from median values; dividing the values obtained into three
groups (low, medium, high incidence rate). To determine the
degree of the association between the disease development
and the chemical factors of atmospheric air, drinking water,
and soils of residential areas, the paired correlation coefficients
were calculated. We assessed statistical significance with
the likelihood of statistical error below 5% (o < 0.05). Calculations
were performed using the MyOffice software package (New
Cloud Technologies; Russia).

Lipetsk Region

Belgorod Region

Lugansk Region

Fig. 1. Overall incidence among adults (number of cases per 1000 population)
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Tambov Region

RESULTS

The ones related to environmental factors were selected
in the general list of the disease classes and distinct disease
entities considered based on the literature data. The list
consisted of 13 parameters: overall incidence; diseases
of blood and blood-forming organs and certain disorders
involving the immune mechanisms; ischaemic heart diseases;
asthma, status asthmaticus; pneumonia; diabetes mellitus;
diseases of the nervous system; cerebrovascular diseases;
allergic rhinitis (pollinosis); contact dermatitis; urolithiasis;
congenital malformations, deformations and chromosomal
abnormalities; malignant neoplasms.

We plotted assessment scales for the pediatric and adult
incidence rates, based on which the territories showing
consistently high incidence rate, i.e. territories at risk,
were identified. The assessment scale for overall incidence
of individuals over the age of 18 is provided in the Table, while
ranking of territories by these indicators is presented on the
map (Fig. 1).

Thus, high overall incidence among adults was reported
in eight studied administrative territories out of 33, specifically
in Bogucharsky, Vorobyovsky, Kamensky, Liskinsky, Novokhopyorsky,
Repyovsky, Khokholsky districts and the city of Voronezh.
Overall incidence among children was high in the Borisoglebsky
city district, Petropaviovsky, Repyovsky, Semiluksky districts and
the city of Voronezh, i.e. in five territories of the region out of 33.

It should be noted that high incidence of several diseases
was reported for the majority of studied districts of the Voronezh

Volgograd Region

I high (1559.35 and above)
[ ]medium (1323.59-1559.35)

[ low (below 1323.59)

Rostov Region
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Fig. 2. Correlation between pediatric incidence of asthma and atmospheric air pollution

Region. Thus, high pediatric incidence of six disorders is reported
for the city of Voronezh, Semiluksky, and Kalacheyevsky
districts, while that of five disorders is reported for Bobrovsky,
Petropaviovsky, Rossoshansky, and Ternovsky districts. High
incidence of three disorders among adults is registered in the
city of Voronezh. High adult incidence of five disease entities
is reported for Verkhnemamonsky, Repyovsky, Novokhopyorsky,
and Ertilsky districts.

Analysis of the correlation with the atmospheric component
of chemical load revealed a strong significant correlation of the
pediatric (children under the age of 14) incidence of asthma
(correlation coefficient r = 0.76, t,, = 6.5 >t = 1.96, p < 0.05)
(Fig. 2) and a moderate significant correlation of the adult
incidence of nervous system diseases (correlation coefficient
r=0.38,t,=225>t  =1.96,p <0.05). Moderate significant
correlations of the pediatric and adult incidence of contact
dermatitis with the water component of the load are reported
r=041,1t, 6 =252>1t, =196 and r = 034, t, =
2.03 >t . = 1.96, respectively, p < 0.05). Moderate significant
correlations of the component of industrial pollution of soils with
the pediatric incidence of cerebrovascular diseases (r = 0.4,
t,=248>t . =1.96,p <0.05) and nervous system diseases
(r=034,t,=201>t  =1.96,p <0.05) are revealed.

Based on the earlier conducted ranking of the territories
of the Voronezh Region, the city of Voronezh and Pavlovsky
District were considered to be the territories at risk based
on the chemical atmospheric air pollution; the city of Voronezh,
Bobrovsky, Kantemirovsky, Kashirsky, Olkhovatsky, Ternovsky,
Khokholsky districts were the territories at risk based on the
drinking water pollution; the city of Voronezh, Borisoglebsky
city district, Liskinsky, Podgorensky, Rossoshansky districts
were considered to be the territories at risk based on chemical
pollution of soils in residential areas.

Our study has shown that the territories at risk based on the
atmospheric component of chemical load, specifically the city
of Voronezh and Pavlovsky District, are also the territories with
high pediatric incidence of asthma and high adult incidence

of nervous system disorders in the studied period. Among
territories with high chemical load based on the drinking water
components, the territories with high pediatric incidence
of contact dermatitis are represented by Kashirsky, Olkhovatsky,
and Ternovsky districts, while the territories with high
incidence of contact dermatitis among adults are represented
by Kantemirovsky, Kashirsky, Khokholsky districts. Among
territories with high levels of chemical contamination of soils
in residential areas, in the studied period the territories with high
pediatric incidence of nervous system disorders included the
city of Voronezh, Borisoglebsky city district, and Rossoshansky
District, while the territories, for which pediatric incidence
of cerebrovascular diseases was reported, included the city
of Voronezh, Liskinsky and Rossoshansky districts. Thus,
it is likely that the emergence of the above disease entities
in the discussed territories is associated with the effects
of chemical contamination of atmospheric air, drinking water,
and soils in residential areas.

DISCUSSION

The Voronezh Region is a territory showing high levels
of industrialization and agricultural developement. In the city
of Voronezh there are numerous enterprises, among which the
largest are JSC Il - VASO, JSC Voronezhsintezkauchuk, etc.;
there is a highly developed network of roads. In the studied
period, excesses of the annual average and maximum single
maximum permissible concentrations of hazardous substances
in the atmospheric air were identified in the city (2 MPCam for
formaldehyde; more than 1 MPCam for ozone; more than
1 MPCam, up to 3 MPCms for phenol; more than 1 MPCam for soot).

In Pavlovsky District, there is one of Europe's largest granite
mining and processing enterprises, JSC Pavlovsk Nerud.
The federal highway M4-Don passes through the territory of the
region. In the studied period, excesses of the annual average
and maximum single maximum permissible concentrations
of hazardous substances in the atmospheric air were identified
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in the district (more than 3 MPCam for formaldehyde; more
than 3 MPCtwa, up to MPCms for sulfur dioxide; more than
1 MPCam for phenol). Thus, high morbidity rate resulting from
chemical atmospheric air pollution is quite natural for these
territories.

The earlier studies of the impact of the drinking water chemical
contamination on the morbidity of a population in the region
revealed moderate significant correlations between the adult
incidence of urolithiasis and the total hardness of water
(correlation coefficient r = 0.42); between the adult incidence
of the diseases of the skin and subcutaneous tissue and the
levels of iron in drinking water (correlation coefficient r = 0.35);
the issue of the nitrate pollution of water sources in rural areas
(both centralized and decentralized) was addressed, several
cases of methemoglobinemia in children under one year of age
were identified [22]. Our study has not confirmed the relationship
between urolithiasis and the impact of drinking water. However,
the incidence of skin disorders and the issue of nitrate pollution
in certain rural areas are still relevant. Thus, in the Kashirsky
District, for which high incidence of contact dermatitis among
both children and adults has been reported, excesses of the
annual average and maximum single maximum permissible
concentrations of nitrates in the drinking water (up to 2 MPCam,
more than 4 MPCms) have been simultaneously revealed in the
studied period. The condition of soils to the great extent reflects
the condition of other media, such as atmospheric air [23].
In the Voronezh Region, excesses of maximum single maximum
permissible concentrations of benzola]pyrene in the soils
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