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ASSESSMENT OF TECHNOGENIC POLLUTANTS IMPACT OF THE URBAN
ENVIRONMENT OF ZAPORIZHZHIA CITY ON HUMAN HEALTH
OF THE SHEVCHENKIVSKYI DISTRICT

Abstract. The city of Zaporizhzhia has a large number of ferrous and non-ferrous metallurgy enterprises, machine-
building and metalworking enterprises, construction facilities and the chemical industry, which leads to a high technogenic
burden on the health of the city s residents. The purpose of the article is to establish the risks to the health of the population
of the Shevchenkivskyi district of Zaporizhzhia in the period 2019-2022 from air pollution by gaseous substances. The
selected district is the largest in terms of area and population. At the same time, many industrial enterprises of the cities
are located in the district: JSC Motor Sich, SE Zaporizhzhia Machine-Building Design Bureau “Progress” named after
Academician O.G. Ivchenko, PJSC Zaporizhzhia Abrasive Plant, State Enterprise Research and Production Complex
“Iskra”, Production Unit “Zaporizhzhia Oil Extraction Plant”. Research methods. The study used the general procedure
of the Human Health Risk Assessment methodology developed and recommended by the US Environmental Protection
Agency. We also used sanitary and hygienic, analytical and mathematical research methods. The scientific novelty of
the work lies in the fact that for the first time a scientifically substantiated and provided riskometric assessment of the
impact of technogenic pollutants of the urban environment on the human health of the Shevchenkivskyi district of the
Zaporizhzhia city. Scientific data on the patterns of formation of morbidity and mortality in the district’s population
as a result of industrial emissions into the air basin has been supplemented. Conclusions. It has been established that
the results of calculations of hazard factors and indices in assessing the inhalation effects of pollutant emissions from
industrial enterprises under chronic exposure in the Shevchenkivskyi district of Zaporizhzhia for 2019-2022 indicate the
presence of exceedances of safe levels. The total hazard indices for assessing the chronic inhalation effects of pollutant
emissions from industrial enterprises in the study area are at an extremely high level. The individual carcinogenic risk of
chronic exposure during the study period in the Shevchenkivskyi district of Zaporizhzhia is at an average level.

Key words: atmospheric air, hazard coefficient, hazard index, individual carcinogenic risk, cancer, chronic exposure,
technogenic pollutants, emissions.
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OLIHKA BIIJIMBY TEXHOI'EHHHUX 3ABPYJHIOBAYIB MICBKOI'O
CEPEJOBHUIIA M. 3AITIOPIKKSA HA CTAH 310POB’SI HACEJTEHHSA
IMEBYEHKIBCHKOI'O PANOHY

Anomayin. Y micmi 3anopiocoici 30cepeddicena 6enuka KinbKicms RIONPUEMCIE YOPHOT Ma KOTbopoeoi Memanypeii,
MAWUHOOYOIBHUX A MEMAT000POOHUX NIONPUEMCTNG, OYOIBETbHUX BUPOOHUYMSE Ma XIMIYHOI RPOMUCTIOBOCHIT, WO NPU-
3600UMb 00 BUCOKO20 MEXHO2EHHO20 HABAHMANCEHHS HA 300p08 s MewKkanyie micma. Memoro naykogoi cmammi € cma-
HOBLeHHA pU3uKie 01 300pos’a Hacenenus Llleguenxiecvkozo pationy micma 3anopixcaca y nepioo 2019-2022 poxu
80 3a0pyOHeHHs ammocheprozo nosimps 2a3onodionumu pewosuramu. Odpanuti pation € HaUdIILUWUM 3G NIOUler ma
KIbKICMIO HACENeHH s, U0 NPOJICUBAE Y HboMY. B moil oce wac na mepumopii pationy posmauiogano 6a2amo npomMucio-
sux nionpuememe micm: AT «Momop Ciuy, JI1 «3anopizvke mawunodydigne xoncmpykmopcuvke 0iopo «llpozpecy imeni
axademixa O.I leuenkay, IIpAT «3anopizeruil adpasusnui kombinamy, Kasenne nionpuemcmeo «Hayxoso-eupobuu-
yuil komnaexc «lckpay, Bupoonuyui niopo30oin «3anopizekui onitiHoexcmpakyiunuii 3a600». Memoou oocnidxcens. [lpu
BUKOHAHHI 00CTIONHCEHHA OVII0 BUKOPUCTAHO 3G2ATbHY NPOYeOypy Memo00n02ii OYIHKU PUsUuKy O1s 300P08 sl HACENeHH s
(Human Health Risk Assessment), pospobneny ma pexomenoosany Aeenmemseom CLLA 3 oxoponu dosxinna. Takoxc euxo-
PUCTOBYBANU CAHIMAPHO-2I2ICHIYHI, AHANIMUYHI ma MamemamuyHi Memoou docuiodxcenns. Haykoea Hosuzna pooomu
NOA2AE 8 MOMY, WO Bnepule HAYKOBO OOTPYHIMOBAHA MA HAOGHA PUSUKOMEMPUYHA OYIHKA BNIUBY MEXHOLEHHUX 3A0pPY0-
HI08AY18 MiCbK020 cepeosuwya Ha cmar 300pos s Hacenenns Llleguenxiscvrozo paiiony micma 3anopigicoics. JJonogrero
HAYK08I 0aHi NPO 3aKOHOMIPHOCI (POPMYBAHHA 3AXB0OPIOBAHOCHII Il CMEPMHOCI HACENEHHS PAUlOHY BHACTIOOK NPOMIC-
J108UX 8UKUOI8 Y nogimpauuu oacelin. Bucnoexku. Bcmarnoseneno, wo pesynsmamu po3paxyHKie koegiyienmie ma iHOexcig
Hebe3neku npu OYiHYi IHeANAYItIHUX 6NAUBIE BUKUOIE 3AOPYOHIOIOUUX PEYOBUH IO NPOMUCIOBUX NIONPUEMCIE NPU XPO-
Hiunomy enaugi 6 Lllesuenxiecoromy paiioni micma 3anopisicoics 3a 2019-2022 pp. ceiouams npo HAsI8HICMb NepesuLeHb
besneunux pisnis. Cymaphi indekcu Hebes3nexu y 00CT0NCYBAHOMY PAUOHI 3HAXOOAMbCA HA HAO38UYALIHO BUCOKOMY PIGH.
[HOusidyanvHull KanyepoeeHHull pusux npu XpoHiyHii Oii 3a docrioxcysanuti nepiod y Illesuenxiscokomy pationi micma
3anopiscoics 3HaxoOumsvca Ha cepedHbOMY Pi6HI.

Kntouosi cnosa: ammocghepue nogimps, koeghiyicnm Hebesnexu, iHoexc Hebesnexu, iHOUBIOYaIbHUL KAHYepo2eHHUl
DUBUK, OHKO3AXBOPIOBAHHSL, XPOHIUHULL GNIUG, MEXHO2EHHT 3a0PYOHI08AU], GUKUOU.

11



Hayxosuit BicHuk Binnnupkoi akagemii 6esnepepsroi ociti. Cepis «Exornoris. [ly6mniune ynpapninus Ta aaMisicTpyBanHsy», Bu. 2, 2024

Statement of the problem. The emissions of
stationary sources from industrial enterprises in
the city of Zaporizhzhia contain a variety of chem-
ical compounds [2]. Air pollution can cause spe-
cific, non-specific, acute and chronic effects on the
human body. It can lead to an increase in the num-
ber of cases of hypertension, malignant tumours,
and respiratory diseases [1].

Zaporizhzhia is one of the most urbanised,
industrialised and environmentally unfavourable
cities in Ukraine. The population of Zaporizhzhia
lives in conditions of constant air pollution with
harmful chemicals of man-made origin. The crisis
of technogenic load on the city is exacerbated by
the climatic features of the region and the exist-
ing buildings. The city of Zaporizhzhia is located
in climatic conditions characterised by unfavour-
able conditions for the dispersion of harmful emis-
sions (temperature inversions, calm weather, etc.),
which leads to the accumulation of emissions from
enterprises in settlements. The main enterprises of
the city of Zaporizhzhia are located in the indus-
trial area, which is located almost in the city centre,
and air pollution over the main districts of the city
occurs in almost any wind direction [7].

Analysing the emissions of pollutants into the
air of Zaporizhzhia, we can testify to the excess of
reference doses of the relevant chemicals.

The development of the city of Zaporizhzhia
took place in such a way that the city’s settle-
ment areas were in close proximity to large indus-
trial enterprises. Many residential buildings were
located within the sanitary protection zones of
industrial enterprises. The yellow-grey haze of
smog is often observed over the city of Zapor-
izhzhia, which is formed as a result of emissions
from industrial enterprises that are concentrated in
a relatively small area. The undulating flat terrain
with a tiered girder network worsens the ventila-
tion of the city and the conditions for dispersing
pollutant emissions [5].

The obtained results on hazard coefficients
and indices, individual carcinogenic risks from
air pollution in the Shevchenkivskyi district of
Zaporizhzhia can be used in the activities of the
State Institution “Zaporizhzhia Regional Centre
for Disease Control and Prevention of the Minis-
try of Health of Ukraine”, the Municipal Institu-
tion “Health Care Administration” of Zaporizhzhia
City Council and the Department of Environmen-
tal Safety of Zaporizhzhia City Council.
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Analysis of sources and recent research. The
author of the article Max Roser [8] believes that
researchers have long known that polluted air leads
to a large number of premature deaths. But in the
past, it was thought that the link between exposure
and health outcomes was less strong. More recent
studies have found that a certain level of expo-
sure leads to more deaths than in previous studies.
The incline of the exposure-response function is
sharper than previously thought.

The article by Rybalova O. [6] and others notes
that the city of Zaporizhzhia has a high air pollu-
tion index for five pollutants. The authors note that
the value of the hazard index for getting a disease
at this level of air pollution in Zaporizhzhia corre-
sponds to class 4, which indicates a high level of
danger. The authors of the article insist on further
research of the state of atmospheric air and making
the necessary managerial decisions on the imple-
mentation of environmental protection measures.

Pirogova I., Veremeienko G., Yanko S. in their
article [4] believe that control over the state of atmo-
spheric air is an important link in the environmental
monitoring system. This, in turn, provides informa-
tion on the level of pollution of the atmospheric air
component, which directly and indirectly affects
human health. According to the authors’ calcula-
tions, the analysis of the correspondence between
the production capacity in Zaporizhzhia and the lev-
els of the comprehensive air pollution index showed
that a sharp decline in production capacity leads to
a decrease in the content of pollutants. However, the
composite air pollution index is still at the level of
elevated and hazardous air pollution.

According to P. Sicard and others [9], in order
to achieve air quality standards and to mitigate the
effects of air pollution, urgent action at all levels of
government is required. In cities, there should be
stricter air quality monitoring to reduce the impact
of emissions, while implementing effective emis-
sion control policies that take into account regional
socio-economic imbalances.

Purpose, object, subject and methods of
research. Air pollution caused by stationary
sources of industrial enterprises in the city affects
the general health of the population. The purpose
of the research is to establish the risks to the health
of the population of the Shevchenkivskyi district
of Zaporizhzhia in the period 2019-2022 from air
pollution by gaseous substances. In accordance
with this goal, the study was aimed at solving the
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following tasks: to assess the toxicity of emissions
and to form a list of priority air pollutants that
characterise the impact on public health; to calcu-
late non-carcinogenic risks by coefficients and haz-
ard indices (HQ, HI) and individual and population
carcinogenic risk (ICR, PCR) for the health of the
exposed population exposed to air pollution in an
industrial city for the period 2019-2022.

The object of the study is the impact of pollut-
ant emissions on the formation of inhalation risk
to the health of the population living in the area
of stationary source emissions. The subject of the
study are pollutants; health risks caused by inhala-
tion exposure to polluted air (non-carcinogenic and
carcinogenic risks).

Research methods. The study used the general
procedure of the Human Health Risk Assessment
methodology developed and recommended by the
US Environmental Protection Agency. Risk assess-
ment involves four interrelated stages, namely:
hazard identification, exposure assessment, haz-
ard characterisation (dose-response assessment),
and risk characterisation, the methodology for
which is described in [10, 3]. We also used sanitary
and hygienic (to assess air pollution with harmful
chemicals), analytical (to assess the toxicity of sub-
stances), and mathematical (probabilistic assess-
ment to calculate the levels of risk to the health of
the exposed population) research methods.

The scenario and characteristics of the impact
of pollutants selected for the conditions of the
Shevchenkivskyi district of Zaporizhzhia are pre-
sented in Table 1.

Table 1
Scenario and route of pollutant exposure
Elements of exposure

Exposure characteristics

analysis

Agents chemical pollutants
emissions from stationary

Sources

organised sources
inhalation (breathing air)

non-carcinogenic and
carcinogenic effects

Shevchenkivskyi district of

The way of influence

Exposure time

Geographical coverage

Zaporizhzhia
Evaluation period 2019-2022
Type of exposure by chronic

contact time

The priority route of pollutant intake into
the human body is the inhalation route, and the
analysed environment is atmospheric air.
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In order to determine the list of priority poten-
tially harmful chemical compounds emitted by
industrial enterprises, the most complete list of
all chemicals that can affect humans in the study
area was initially compiled. The following crite-
ria for selecting priority pollutants were taken
into account: assessment of the toxicity of pol-
lutants that can affect public health; analysis of
data on hazard parameters and “dose-response”
relationships (reference concentrations; carcino-
genic potential factors; current national standards:
maximum permissible concentrations for maxi-
mum one-time and average daily concentrations
(MPCm.o., MACa.d.), and estimated safe expo-
sure levels (ESLs)); assessment of the direction of
impact on organs and systems of the human body.

Taking into account the criteria for selecting
priority pollutants emitted into the air by station-
ary sources of industrial enterprises, a list of pri-
ority pollutants for four years (2019-2022) was
formed, necessary for further research to assess the
risk to public health. The list includes 8 chemical
compounds, including hydrogen sulphide, phe-
nol, formaldehyde, and carbon disulfide, which
are classified as hazard class 2 (highly hazardous
substances); nitrogen dioxide, sulphur dioxide, and
suspended solids, which are classified as hazard
class 3; and carbon monoxide, which is classified
as hazard class 4.

Among the priority pollutants, 1 of the chem-
icals has a carcinogenic effect. According to the
IARC classification [11], formaldehyde belongs to
the group of class 1 carcinogens (2A/B1), i.e. the
most dangerous for humans. The following streets
of the Shevchenkivskyi district were selected for
the study: intersection Kharchova-O. Porady (1),
O. Porady-Magistralna (2), M. Koryshchenko (3),
Peredatochna (4), O. Porady (5). Within a radius of
1000 m from these streets there are PJSC “Zapor-
izhzhia Oil and Fat Plant” and PJSC “Zaporizhzhia
Abrasive Plant”.

The averaged levels of annual concentrations
of pollutants for 2019-2022, which form expo-
sure loads on the health of the population of the
Shevchenkivskyi district of Zaporizhzhia, were
provided by the State Institution “Zaporizhzhia
Regional Centre for Disease Control and Preven-
tion of the Ministry of Health of Ukraine”.

Based on the calculated exposure levels, the
risk characteristics for the Shevchenkivskyi district
from air pollution caused by industrial emissions
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were established, which included non-carcinogenic
and carcinogenic risks, namely, hazard coefficients
for individual substances (HQ), hazard indices for
a set of substances and total hazard indices (HI),
individual (ICR) and population (PCR) risks.

Summary of the main material. The results of
calculations of hazard ratios in assessing the inha-
lation impacts of pollutant emissions of industrial
enterprises during chronic exposure on the stud-
ied streets in 2019-2022 indicate the presence of
exceedances of safe levels (HQ > 1) in some places
of measurement of the receptor points (Fig. 1).

In the Shevchenkivskyi district, the average
values of the hazard coefficients for chronic inhala-
tion exposure in 2019 exceed the permissible level
for all substances except carbon monoxide (except
for the intersection between O. Porady and Magis-
tralna streets, where the risk level is low), and are
at the following levels: for dust — at a high level
on Kharchova, O. Porady, Magistralna, Pereda-
tochna streets; for sulphur dioxide, nitrogen diox-
ide, formaldehyde, phenol — at an average level on
all studied streets of the Shevchenkivskyi district.

The average values of the hazard coefficients
for lifetime inhalation exposure in 2020 exceed the
permissible level for all substances except carbon
monoxide and are at the following levels: for dust
and formaldehyde — at a high level on Kharchova,

10,0

O. Porady, Mahistralna, Peredachna streets; for
sulphur dioxide, nitrogen dioxide, phenol — at an
average level on all studied streets of the Shevchen-
kivskyi district.

The average values of the hazard coefficients
for chronic inhalation exposure in 2021 exceed the
permissible level for all substances except carbon
monoxide (except for the intersection between
O. Porady and Magistralna streets, where the risk
level is low), and are at the following levels: for
dust and formaldehyde — at a high level; for sul-
phur dioxide, nitrogen dioxide (on O. Porady
and Magistralna streets — high level), phenol (for
Peredatochna street — extremely high level) at an
average level on all studied streets of the Shevchen-
kivskyi district.

The average values of the hazard coefficients
for chronic inhalation exposure in 2022 exceed the
permissible level for all substances except carbon
monoxide and are at the following levels: for dust
and formaldehyde — at a high level on Kharchova,
O. Porady, Magistralna, Peredatochna streets; for
sulphur dioxide, nitrogen dioxide, phenol — at an
average level on all studied streets of the Shevchen-
kivskyi district.

The results of the hazard indices calculations
indicate the presence of exceedances of safe expo-
sure levels (HI > 1) for most priority pollutants for

High level

TSP 502 NO2

Medium level

l I Low level
i

CeHEOH CHXO

Substances

mI0IS 2020

2021 w2022

Fig. 1. Annual average values of hazard coefficients in the assessment of hazardous
inhalation effects of pollutant emissions from industrial enterprises for the period
2019-2022 in the Shevchenkivskyi district of Zaporizhzhia
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chronic inhalation exposure in the studied areas in
2019-2022 (Fig. 2).

The results of the hazard indices calculations
in the Shevchenkivskyi district in 2019 indicate
an extremely high level of chronic inhalation
exposure in the studied streets to the respira-
tory system (HI=16.17+21.89) and cardiovascu-
lar system (HI=9.90+10.65); at a high level are
the effects on the number of additional cases of
death (HI=8.63+11.00) (an extremely high level
is observed on Kharchova and O. Porady), con-
genital developmental defects (HI=7.38+9.10),
immune system (HI=4.00+5.33), visual organs
(HI=5.83+8.17); atthe medium level are the impacts
on the central nervous system (HI=2.57+3.82),
circulatory system (HI=2.43+3.71), parenchymal
organs (HI=1.55+2.83).

The results of calculating the hazard indi-
ces in 2020 indicate an extremely high level of
chronic inhalation exposure to respiratory organs
on the studied streets (HI=5.56+18.10); at a high
level — the impact on the cardiovascular system
(HI=5.47+9.97), the number of additional cases
of death (HI=4.00+8.81), congenital develop-
mental defects (HI=7.87+9.59), the immune sys-
tem (HI=4.67+7.67), and the organs of vision
(HI=0.83+8.75); at the medium level — impact on
the central nervous system (HI=1.47+3.03), blood

circulatory system (HI=1.36+4.09), parenchymal
organs (HI=1.83+11.00) (extremely high level is
observed on Peredatochna Street).

The results of calculations of hazard indi-
ces in 2021 indicate an extremely high level of
chronic inhalation exposure in the studied streets
to respiratory organs (HI=22.56+33.76), cardio-
vascular system (HI=9.92+19.43), visual organs
(HI=8.23+22.00); the impact on the number of
additional deaths (HI=8.91+10.09) is at a high level
(extremely high level is observed on Magistralna,
M. Koryshchenko and O. Parady streets), born
developmental defects (HI=7.87+9.59), immune
system (HI=6.00+12.00) (extremely high level is
observed on Peredatochna, M. Koryshchenka and
O. Porady streets); at the medium level — the impact
on the central nervous system (HI=2.99+11.83)
(an extremely high level of HI=11.83 is observed
for Peredatochna Street), circulatory system
(HI=3.43+6.48) (high level is observed on Magis-
tralna, M. Koryshchenka and O. Porady streets),
parenchymal organs (HI=1.83+11.00) (extremely
high level is observed on Peredatochna Street,
HI=11.00).

The results of calculating the hazard indices in
2022 indicate an extremely high level of chronic
inhalation exposure to respiratory organs on the
studied streets (HI=19.91+29,87) and the number

30,00
25,00
20,00
Extremely high
—
T 15.00 level
10.00
High level
5.00
Medium level
0.00
2019 2020 2021 2022
Years
1m2 @304 050607 gm 9

Fig. 2. Annual average values of hazard indices in the assessment of chronic inhalation
exposure of pollutant emissions from industrial enterprises for the period 2019-2022
in the Shevchenkivskyi district of Zaporizhzhia (1 — respiratory system, 2 — cardiovascular
system, 3 — congenital developmental defects, 4 — additional cases of death, 5 — central
nervous system, 6 — circulatory system, 7 — parenchymal organs, 8 — visual organs,
9 — immune system)
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of additional deaths (HI=7.13+16.27), at a high
level — the impact on the cardiovascular system
(HI=6.54+10.72),congenital developmental defects
(HI=5.02+8.80), immune system (HI=7.33+12.17)
(an extraordinary level is observed on M. Korysh-
chenka str. M. Koryshchenka Street), visual organs
(HI=9.25+13.37); at the average level — the impact
on the central nervous system (HI=2.42+4.93),
circulatory system (HI=2.78+3.86), parenchymal
organs (HI=1.52+4.00).

The greatest impact of pollutants is on the respi-
ratory system. The main contribution to respiratory
diseases in the population of the exposed area is
made by dust (Total Suspended Particulates) and
formaldehyde (Fig. 3). The share of formaldehyde
is increasing with every year under investigation.

The results of calculations of individual car-
cinogenic risk for chronic exposure in the period
2019-2022 on the studied streets of the Shevchen-
kivskyi district of Zaporizhzhia are within the
average risk level (10“<ICR<10?, which is unac-
ceptable for the population, typical for most large
industrial cities) for chronic exposure (Fig. 4). The
highest individual carcinogenic risk was 2.98-10
on Peredatchna Street in 2022; 2.94-10* on Mykola

2019

= TSP

= 502
NO2

= C6HSOH

= CH20

2021

= TSP

=502
NO2

» C6HSOH

s CH20

g

Koryshchenko Street in 2021; 2.86-10* on Olek-
sii Porada Street in 2021; 2.41-10* on average in
Shevchenkivskyi District in 2021.

The population carcinogenic risk of PCR under
chronic exposure in the Shevchenkivskyi district
was 17 in 2019, 23 in 2020, 36 in 2021 and 34
in 2023, the number of additional cases of cancer
during the lifetime of the population exposed to the
concentration of the substance.

Taking into account the analysis of the public
health risk assessment and based on the studies
conducted to assess the public health risk in the
Shevchenkivskyi district of Zaporizhzhia, it is
necessary to develop and implement measures to
manage the public health risk.

Conclusions

1. In the city of Zaporizhzhia, there is a high
level of air pollution associated with significant
concentrations of formaldehyde, nitrogen dioxide,
phenol, hydrogen sulphide, and suspended solids.
Polluted air has a negative impact on the health of
city residents.

2. The results of calculations of hazard coef-
ficients in assessing the inhalation effects of
pollutant emissions from industrial enterprises

2020

= TSP

=502
NO2

= C6HSOH

= CH20

34,70%

2022

= TSP

=502
NO2

u C6HSOH

s CH20

é
&

Fig. 3. The share of pollutants affecting the respiratory system in the assessment
of chronic inhalation exposure to pollutant emissions from industrial enterprises
for the period 2019-2022 in the Shevchenkivskyi district of Zaporizhzhia
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Fig. 4. Individual carcinogenic risk from formaldehyde under chronic exposure
in the studied streets of the Shevchenkivskyi district of Zaporizhzhia in 2019-2022

under chronic exposure on the studied streets for
2019-2022 indicate that safe levels are excessive
(HQ > 1) in some places where receptor points
were measured and are at a high level for dust and
formaldehyde.

3. The results of calculations of hazard indi-
ces indicate the presence of exceedances of safe
exposure levels (HI > 1) for most priority pollut-
ants for chronic inhalation exposure in the study
areas in 2019-2022 and are at an extremely high
level for respiratory and cardiovascular systems, at
a high level — for the number of additional cases
of death, birth defects, immune system, and organs
of vision; at an average level — for the central ner-

vous system, circulatory system, and parenchymal
organs.

4. The results of calculations of individual car-
cinogenic risk for chronic exposure for the period
2019-2022 on the studied streets of the Shevchen-
kivskyi district of Zaporizhzhia are within the
average risk level (10<ICR<107, which is unac-
ceptable for the population, typical for most large
industrial cities) for chronic exposure.

5. The population carcinogenic risk of PCR for
chronic exposure in the Shevchenkivskyi district is
17 in 2019, 23 in 2020, 36 in 2021 and 34 in 2023,
the number of additional lifetime cancer cases per
population exposed to the substance concentration.
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