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Abstract

Introduction. The state of the population health depends on the ecological and hygienic well-being of the territory. In
places with developed oil production, there is a long-term impact of pollutants on the human body and, as a result,
corresponding diseases develop. This is evidenced by numerous domestic and foreign studies, but the territory of the
Irkutsk region is not covered by such studies. Therefore, the work objective is to assess the impact of oil production
processes on the incidence of the population of oil-producing regions of the Irkutsk region.

Materials and Methods. The source materials were the statistical indicators of overall and primary disease incidence of
the population of the regions of the Irkutsk region for the period from 2016 to 2019, posted on the website of medical
statistics of the Irkutsk region. For the calculation of the non-carcinogenic risk, we have used environmental monitoring
data from an oil-producing company based on average daily concentrations of pollutants in oil-producing areas.

Results. It is shown that oil-producing areas are characterized by extremely high incidence rates for such groups of
diseases as respiratory diseases, diseases of the circulatory system, diseases of the musculoskeletal system, diseases of
the digestive system, diseases of the genitourinary system, as well as deviations in pregnancy, childbirth and the
postpartum period. Infant mortality rates in these territories are up to 4 times higher than the corresponding average
indicators for the Irkutsk region as a whole. The calculation of non-carcinogenic risk showed an excess over the
permissible values accepted in Russia.

Discussion and Conclusions. The results of the analysis testify to the unfavorable medical and demographic situation in
the territories under discussion. The pronounced excess of the incidence rate for the presented groups of diseases in the
oilfield areas in comparison with the territories taken for comparison reflects the possible impact of environmental
pollution on the health of the population. A connection between the growth of infant mortality in the territories under
consideration and the beginning of the industrial development of hydrocarbon deposits in these places has been
revealed. The contribution of oil companies to the socio-economic development of the regions, including co-financing
of medical care for the population, could partially offset the negative impact of industrial processes.
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r. UpkyTck, yn. JlepmonToBa, 83
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AHHOTAIUSA

Beeoenue. CocrosiHUE 370pOBbSI HACEJIEHUsS] 3aBUCHT OT 3KOJIOTO-TUTHEHHYECKOro OJaronoiyuust tepputopuu. B
MecTax C pa3BUTON HedTenoOblYel MPOMCXOMUT AJMTENILHOE BO3/CHCTBHE 3arps3HSIONIMX BEIIECTB HAa OpPraHH3M
YeNoBeKa, YTO B UTOTE BIIEYET 3a c000W BO3HMKHOBEHHE DA3NMUYHBIX 3a0oieBaHmil. OO0 3TOM CBUAETEIBCTBYIOT
OoTedecTBEHHBIE W 3apyOekHble uccienoBanus. Ha tepputopmm VpkyTckoii o0nacTw TakWe WCCIEIOBAaHUS HE
MpoBOMMINCE. [loATOMY TIenmbI0 [JaHHOM pPa0OTHI SBISUIACH OIEHKA BIHMSHHUSA IIPOIeccoB HedTemoObun Ha
3a00JIeBaeMOCTh HaceJIeHNs HeTeAoObIBAIOIINX paiioHOB U pKyTCcKoit 00macTw.

Mamepuanvt u memoost. VICXOTHBIMI MaTepHaJaMH ITOCTYKHIIA CTATUCTHYECKUE MOKA3aTelI OOmell U MepBUIHOM
3aboneBaeMocT HaceneHus Mpkyrckoit obmactu 3a mepuon ¢ 2016 mo 2019 roael, pa3MmellicHHbIE Ha caiiTe
MEJIMIIMHCKOM CTaTUCTUKU. B pacdeTe HEKaHIIEPOr€eHHOro PHUCKa MCIOIb30BaIH JaHHbIE YKOJIOIMYeCKOT0 MOHUTOPHHTA
HedTenoObIBaIOIICH KOMIIAHHUM 10 CPEJHECYTOYHBIM KOHLEHTPAllMsSIM 3arps3HAIONIMX BEUIECTB B paloHax
HedTen00bIYH.

Pe3yromamut uccnedosanusn. IlokazaHo, 9To paiioHbI HEPTEIOOBIYM OTIMYAIOTCS KpaiHE BBHICOKAMH IMOKa3aTeISIMU
3a00JIeBa€MOCTH CO CTOPOHBI CHCTEM OPTaHOB JBIXaHHSA, KPOBOOOpAIICHHUS, MUIIEBAPCHUS, MOYCBBIICICHHUS, KOCTHO-
MBIIIIEYHOW CHUCTEMBI, a TaKKe MO MATOJOTHUAX BHYTPHUYTPOOHOTO DPa3BHUTHS IUTONA, NPH POJAX U B IMOCIECPOIOBOM
neprone. Ilokazarenn MIilaneHYECKOW CMEPTHOCTH HA IAHHBIX TEPPUTOPUSAX MHOYTH B UYETHIPE pa3a IPEBHIMIAIOT
COOTBETCTBYIOIIIUE CpPEeIHHUE IMOKa3aTenH 1mo Mpkyrckoil obmactu. Pacder HeKkaHIIEPOTCHHOTO PHCKA TaKXKe ITOKa3all
MIpEBEIIICHIE HAaJl IPUHATHIME B Poccru IOy CTUMBIMU 3HAYCHISIMH.

Obcyrcoenue u 3aknrouenus. Pe3ynpraThl MPOBEICHHOIO aHAIKM3a CBUACTEIBCTBYIOT O HEOJArOMPHUSITHON METUKO-
JaeMorpapuyeckoil CHTyalMM Ha OO0CYXJaeMbIX TEPPUTOPHSX. BbIpaKeHHOE IpeBbILIEHHE 3a00JIeBAEMOCTH I10
MIPEJCTAaBICHHBIM IpyHIaM OoJie3HeW B paiioHax HedTenmpoMmbICia, MO CPaBHEHUIO C TEPPUTOPUSAMH, B3ATBIMHU IS
CpaBHEHUSI, OTpakKaeT BO3MOXKHOE BIIMSHHUE 3arps3HEHHOCTH OKpPYJKarolllei cpesbl Ha 3[J0poBbe HaceleHus. [lokasana
CBSI3b POCTA MJIJICHUYECKONH CMEPTHOCTH C HAayalloM IPOMBIIUIEHHOTO OCBOCHUS YIJIEBOJOPOIHBIX MECTOPOKICHUM
9THX MecT. Bkmax HedTemoOBBaOIMX KOMIAHWHA B COIMATBHO-YKOHOMHYECKOE pA3BUTHE PETHOHOB, BKIFOYAsS
coprHAHCHPOBAHUE METUIIMHCKOHN IMOMOIIH HACEICHHIO, MOTJIIO OBl YaCTHYHO KOMIICHCHPOBATh HETaTHBHOE BIIHMSHUE
MIPOMBITIICHHBIX TTPOLIECCOB.

KnaioueBnbie cioBa: HedrenoObva, 370poBbe HAceNCHHUs, 0OImIas M TepBUYHAs 3a00J1€BaeMOCTh, HEKaHIIEPOTECHHBIN
PHCK.

BaaronapHocTu. ABTOpBI BHIPaXKalOT MCKPEHHIOK MPU3HATENBLHOCTD 3aBEYIOIIEH, a Takke COTPYTHHKaM KadeIpbl
MIPOMBIIIJICHHON 3KOJOTHH M 0€30MacHOCTH JKU3HEAEATENIBHOCTH VIPKYyTCKOrO HAlMOHAJIBHOTO HCCJIEI0BATEIBCKOTO
TEXHUYECKOTO YHHBEPCHUTETA 3a MOMOIIb U MOAIEPKKY, OKa3aHHYIO IIPH BHITIOJIHEHUH JaHHON PabOTHI.

Jas mutupoanns. Xamunyuiuaa E.A., BacuiseBa B.B. Ouenka BausiHus mpoieccoB He(Tea00bUN HA 30POBHE
HaceneHuss HedTenoObBaOmuUX paioHOB HWpkyTckol obOmactu. besonacnocmv mexHo2eHHbIX U NPUPOOHBIX
cucmem. 2023;7(2):7-16. https://doi.org/10.23947/2541-9129-2023-7-2-7-16

Introduction. The problem of oil production impact on the health of the population is discussed at different levels.
A number of studies show the negative environmental impact of oil production, affecting the health of the
population [1-6].

As noted in [1], over 4 billion tons of crude oil is produced annually in the world. At each stage (extraction, storage,
transportation), the environment is polluted with about 50 million tons of oil and petroleum products. Each process
(exploration, drilling, production, gathering, storage, transportation of oil), under appropriate conditions, makes a
change in the initial ecological state of the oil-producing area. It is believed, that the greatest environmental pollution
occurs during accidental releases and spills [7, 8]. However, the problem is that the issue of using associated petroleum
gas remains unresolved. The combustion products of associated petroleum gas are intensively released into the
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environment: soot, benz(a)pyrene, ammonia, nitrogen oxides, sulfur dioxide, aromatic hydrocarbons, dioxins, unburned
oil. Pollutants enhance their toxic effect with simultaneous action.

Health condition of the population in most cases depends on the ecological and hygienic well-being of the territory.
In territories with developed oil production, long-term exposure of the human body to harmful substances occurs and, as
a result, corresponding diseases develop, pathologies appear, the risk of childhood morbidity, birth defects,
miscarriages, stillbirths, oncological diseases and diseases of the endocrine, pulmonary, and cardiovascular systems
increases [9-14].

The work objective is to assess the impact of oil production on the incidence of the population of oil-producing
areas of the Irkutsk region. The presented work is a continuation of the authors' research in this field [15].

Materials and Methods. The source materials were statistical indicators of the overall and primary disease
incidence of the population of the districts of the Irkutsk region (Katangsky, Kirensky and Ust-Kutsky districts) for the
period from 2016 to 2019, posted on the website of medical statistics'. For comparison, similar indicators of the
Kazachinsko-Lensky district of the Irkutsk region and the Irkutsk region as a whole were used as background
indicators. In non-carcinogenic risk calculation, we turned to the environmental monitoring data of the oil company on
the average daily concentrations of pollutants in the oil-producing areas?.

Results. The Irkutsk region is rich in minerals: coal, iron ore, rock and potash salts, hydromineral raw materials,
gold, ore raw materials, as well as significant raw hydrocarbon deposits (estimated recoverable oil resources —
2050 million tons®).

Hydrocarbon production is in the north of the Irkutsk region — these are the Katangsky, Kirensky and Ust-Kutsky
districts. The Verkhnechonskoye oil and gas condensate field is located in the Katangsky district of the Irkutsk region,
in the upper reaches of the Chona River, 1100 km from the city of Irkutsk and 420 km from Ust-Kut, is one of the
largest deposits in Eastern Siberia®. The main fields of the Ust-Kutsky and Kirensky districts are the Yaraktinskoye oil
and gas condensate field (OGCF), located 140 kilometers from the city of Ust-Kut®; Markovskoye OGCF is named after
the nearby village of Markovo, 100 km from Ust-Kut and 60 km from the city of Kirensk; the Ichedinsky oil field
occupies the territory of the Kirensky district; the Ayansky licensed subsoil plot is located on the territory of the Ust-
Kutsky, Kirensky and Katangsky districts, 40 km from Kirensk®.

Figure 1 provides population dynamics indicators of the three districts under consideration and demonstrates the
situation of demographic decline of the population for the period from 2012 to 2022,
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Fig. 1. Population dynamics of the Katangsky, Kirensky and Ust-Kutsky districts of the Irkutsk region
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The health of the population is determined by lifestyle and socio-economic, hereditary and genetic factors, the
quality of the environment and medical care [16].

To assess the health of the population of the oil-producing areas of the Irkutsk region, the incidence indicators
(overall and primary) of the Katangsky, Kirensky, Ust-Kutsky districts were compared with an area close in climate, but
without oil-producing facilities the — the Kazachinsko-Lensky district and the indicators of the Irkutsk region as a
whole. The Kazachinsko-Lensky district is bordered in the north by the Kirensky district, in the west by the Ust-Kutsky
district and the Zhigalovsky district, and in the south by the Kachugsky district. 85 % of the territory of the
Kazachinsko-Lensky district is occupied by forest area, which determines the main activities of the population (logging,
sawmilling, wood processing).

Initially, groups of diseases with the greatest prevalence in the studied oil-producing areas were identified for the
study. To do this, we have studied the indicators of available statistics on overall incidence for the period from 2016
to 2019. Respiratory diseases turned out to be one of the most common types. The highest excess was recorded in the
Katangsky district of the overall incidence indicator for this type over the corresponding indicator of the Kazachinsko-
Lensky district and the Irkutsk region as a whole. In some cases, the indicators were exceeded several times, for
example, in 2016 — almost 5 times, compared with the indicators in the Kazachinsko-Lensky district, and 2.4 times,
compared with the indicators of the Irkutsk region as a whole.

Diseases of the circulatory system were in the second place in terms of prevalence. According to them, the overall
incidence of the population in 2018 exceeded 2.1-2.4 times in the Katangsky and Ust-Kutsky districts, respectively, the
indicators of the Kazachinsko-Lensky district and 1.3 times the indicators for the Irkutsk region as a whole. This is
followed by diseases of the musculoskeletal system and digestive organs. The indicators for diseases occurring in the
perinatal period and the number of congenital anomalies were also high in importance.

The diagram (Fig. 2) shows the average (for the period under review) indicators of overall incidence in the oil-
producing areas of the Irkutsk region and in the districts taken for comparison.
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Fig. 2. Average indicators of the overall incidence of the population of the oil-producing areas of the Irkutsk region in comparison
with the Kazachinsko-Lensky district and the Irkutsk region as a whole. The following categories of diseases are presented:
1 — respiratory organs; 2 — circulatory system; 3 — digestive organs; 4 — musculoskeletal system; 5 — genitourinary system;
6 — pathology during pregnancy, childbirth and in the postpartum period
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From a hygienic point of view, the impact of environmental factors on the residents of the studied areas is
manifested mainly in the overall incidence indicator, since the appearance of new cases of diseases is associated with
the intensity of exposure to pollutants contained in the habitat of the population.

The comparison of the indicators of overall and primary disease incidence of the population in the selected
territories (Fig. 3) indicates a pronounced excess of incidence in the presented groups of diseases in the oilfield areas,
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compared to the territories taken for comparison, which is a reflection of the possible impact of environmental pollution
on public health.
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Fig. 3. Comparison of overall and primary disease incidence indicators of the population in municipalities for the following diseases:
a — respiratory organs; b — circulatory system; ¢ — musculoskeletal system;
d — pathologies during pregnancy, childbirth and the postpartum period;
e — digestive system; f — genitourinary system
It is known that infants are extremely sensitive to the quality of the environment [17]. Diseases caused by
environmental changes are quite common in infancy. In this regard, the dynamics of infant mortality (the number of

dead children under one year per 1000 live births) in the districts of the Irkutsk region was considered. Figure 4 shows

the corresponding data® for the period from 2001 to 2019.

8 Demografiya. Irkutskstat. URL.: https://irkutskstat.gks.ru/ (accessed 25.12.2022). (In Russ.).
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According to the presented diagram (Fig. 4), the infant mortality rate in all areas of the oil field exceeds the level of
the Irkutsk region as a whole. It should be noted that the indicators of the Ust-1limsky, Ziminsky, Bratsky, Bodaybinsky
districts, which are also industrial districts of the Irkutsk region, also lie above the line of the Irkutsk region, but their
indicators are several times lower than those of the Katangsky district (exceeding the indicators of the Irkutsk region up
to 4 times in the period under review). The values of infant mortality indicators of the Kirensky district had been
growing since 2011 and by 2013 they were close to the corresponding indicators of the Katangsky district. The diagram
also shows the excess of infant mortality rates of the Ust-Kutsky district over the corresponding indicators of the Irkutsk
region from 2006 to 2018. In the opinion of the authors, there is an obvious connection between the increase in infant
mortality with the beginning of industrial development of hydrocarbon deposits in these areas (Ust-Kutsky — 2003,
Katangsky — 2006, Kirensky — 2012).

During the experiment, an assessment of the non-carcinogenic risk to public health in the oil-producing areas of the
Irkutsk region was carried out, using the Guidelines® and the environmental monitoring results of the oil company in
2018 and 2019 in the territories of the Danilovsky OGCF, Yaraktinsky, Markovsky and Ayan fields as initial data®.
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Fig. 4. Dynamics of infant mortality rates in the administrative districts of
the Irkutsk region from 2001 to 2019

It should be noted that during the assessment, the average daily concentrations of pollutants averaged over the
corresponding year were considered. The risk was calculated based on the fact that pollutants have a long-term effect,
therefore, in accordance with the Guidelines, the largest concentration value out of two available ones was used. In
accordance with the methodology, it was accepted that the daily air consumption by a person is 20 m%/day, the average
body weight of a person is 70 kg, the life time of a person is 70 years. Table 1 presents the calculation results of the
probability of the development of non-carcinogenic effects on the health of the population living in the studied

territories.

9 R2.1.10.1920-04. Rukovodstvo po otsenke riska dlya zdorov'ya naseleniya pri vozdeistvii khimicheskikh veshchestv, zagryaznyayushchikh
okruzhayushchuyu sredu. Federal Center of State Sanitary and Epidemiological Supervision of the Ministry of Health of the Russian Federation;
2004. 143 p. (In Russ.).

0 Arkhiv. INK. URL: https:/irkutskoil.ru/sustainable-development/environmental-protection/arkhiv-dokumentov-dlya-uchastiya-v-reytinge/
(In Russ.).
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Table 1
Assessment results of non-carcinogenic risk to the health of the population of the Katangsky, Kirensky and Ust-Kutsky
districts from atmospheric air pollution during oil production

5 Polluting substance Non-carcinogenic risk assessment
B MPC.. Hazard | RFC* RfD, C, ADD,
o
Substance (mg/m?) class (mg/kg-day) (mg/m) (mg/kg-day) INR
NO, 0.1 3 0.06 0.006 0.01 0.003 0.48
S0, 0.05 3 0.05 0.0025 0.05 0.015 6
> H,S 0.008 2 0.002 0.000016 0.0012 0.00006 0.38
S | Sarated 50 4 0.071 20 2.1 0.63 0.03
£ | hydrocarbons
X
Suspended 0.035 _ 0.075 0.003 0.23 0.0006 2
substances
Methanol 05 3 4 2 55 1.595 0.80
Total 9.69
NO, 0.1 3 0.06 0.006 0.009 0.0026 0.43
S0, 0.05 3 0.05 0.0025 0.06 0.00174 6.96
. H,S 0.008 2 0.002 0.000016 0.001 0.00003 1.88
4
% | Saturated 50 4 0.4 20 22 0.638 0.034
£ | hydrocarbons
\'4
Suspended 0.035 _ 0.075 0.003 0.54 0.00157 0.52
substances
Methanol 0.5 3 4 2 3.7 1.1 0.55
Total 10.37
NO, 0.1 3 0.06 0.006 0.007 0.0021 0.35
S0, 0.05 3 0.05 0.0025 0.03 0.00017 35
> H,S 0.008 2 0.002 0.000016 0.0002 0.0000058 3.75
g | Saturated 50 4 0.4 20 11 32 0.16
= | hydrocarbons
-]
Suspended 0.035 _ 0.075 0.003 051 0.0015 5
substances
Methanol 0.5 3 4 2 11 2 1
Total 13.76

* ADD — the average daily dose of the pollutant absorption (mg/kg x day); C — the average concentration of the pollutant in the air (mg/mq);
RfD — the reference dose of MPC (mg/m®); RFC — reference concentrations for chronic inhalation exposure.

Values of individual non-carcinogenic risk exceeding one, in accordance with the method used, mean the presence
of a risk of harm to health with daily inhalation of polluted air. The greatest impact on health is the content of sulfur
dioxide, suspended solids, methanol and hydrogen sulfide in the air. A comparative analysis of risks with established
incidence indicators in these areas demonstrates the relationship between the content of priority pollutants in the
atmospheric air and the incidence pattern of the population in the form of a significant indicator of diseases of the
respiratory, circulatory and musculoskeletal systems.

The Irkutsk region is one of the ten most polluted regions of the country. It is believed that the industrial centers —
Angarsk, Bratsk, Shelekhov, Zima, Irkutsk — have the greatest negative impact. However, the active development of
oil fields in recent years has also begun to have a significant impact, which could not but affect the health of the

population of nearby territories.
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Discussion and Conclusion. The unfavorable medical and demographic situation in the territories under discussion
is shown. The Katangsky district ranks first among all the considered districts and the region as a whole in terms of
diseases of the respiratory system, circulatory system, musculoskeletal system, digestive organs, genitourinary system,
as well as deviations during pregnancy, childbirth and the postpartum period. The Kirensky district is characterized by
extremely high overall and primary indicators of deviations during pregnancy, childbirth and in the postpartum period.
In this area, the indicators are exceeded by more than 2 times, compared with the rest of the territories considered. In
the Ust-Kutsky district, the indicators of overall and primary incidence of the circulatory system and respiratory
diseases exceed the indicators of the territories taken for comparison. There are examples in Russia when the negative
impact of industrial production on the health of the population is compensated by the high level of socio-economic
development of the region [18]. Perhaps such a solution to the problem would be a solution in these territories if oil-
producing companies took part of the costs of financing healthcare, including the costs of attracting highly qualified
medical personnel, as well as improving other socio-economic indicators of the production regions themselves.
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