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ABSTRACT. Introduction. A rapid growth of the number of industrial facilities in large cities
undoubtedly affects the quality of their atmosphere air. Every year, as a result of the activities
of enterprises, tons of chemical compounds containing both carcinogenic and non-carcinogenic
substances are released into the environment. Substances of carcinogenic nature that are subject
to constant monitoring and subsequent calculation of the carcinogenic risk to public health require
special attention. The purpose of the study: to analyze the pollution of the atmospheric air of the
megalopolis with benz(a)pyrene, a substance belonging to the st hazard class. Materials and
methods. The assessment of the level of atmospheric air pollution in the megalopolis was carried
out using data on monitoring the quality of atmospheric air. The calculation of the individual
carcinogenic risk to the population was also carried out with the inhalation intake of benz(a)pyrene
according to the methodology presented in R 2.1.10.3968-23 “Guidelines for assessing the risk to
public health when exposed to chemicals that pollute the environment”. Results and discussion. The
results of the study showed that the level of atmospheric air pollution of the megalopolis with benz(a)
pyrene ranged from 1.2 to 2.0 of the average daily maximum permissible concentration. At the same
time, the most frequent exceedances of the maximum permissible concentrations were recorded in
areas with the largest number of industrial facilities. Nevertheless, the calculation of indicators of
individual carcinogenic risk for benz(a) pyrene for the population showed that its values are within
the first range, which corresponds to an acceptable risk that does not require additional preventive
measures. Conclusion. Therefore, the results of the study showed that the level of atmospheric air
pollution with benz(a)pyrene in the megapolis is at a fairly low level, despite the large number of
functioning industrial facilities.
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PE3IOME. Bgeoenue. CtpeMUTEAbHBII POCT YUCIIA TPOMBILIICHHBIX 00BEKTOB B KPYITHBIX T'O-
polax, HeCOMHEHHO, OTpa)kaeTcs Ha KadecTBe aTMoc(epHOro Bo3nyxa B HUX. ExkerogHo B pe-
3yJbpTaTe JESATENBbHOCTU NPEAIPUATUH B OKPYKAIOILYIO Cpeay BbIOpachIBalOTCS TOHHBI XUMUUe-
CKMX COCIMHECHHH, HMEIOIINX B CBOEM COCTaBE KaK KaHLEPOIEeHHbIC, TAK U HEKAaHLEPOTCHHbIC
BemiecTBa. Ocoboro BHUMaHMUs TPeOYIOT BelleCcTBa KAHIEPOIreHHOW MPUPOIBI, TOAJICKAIIUE T10-
CTOSSHHOMY MOHUTOPHUHTY C MOCIEAYIOIUM pacyeToM KaHI[EpOT€HHOT0 pucKa JUIs 3J10pOBbs Ha-
cenenus. Lleny uccnedosanus: NpoBeCTU aHAIN3 3arPsI3HEHHOCTH aTMOC(EpPHOro BO3yXa Mera-
nonuca 6eH3(a)IMPEeHOM — BELIECTBOM, OTHOCAIIUMCA K 1-My Kiaccy onacHocTH. Mamepuaiwl
u memoodvl. OLIeHKa YPOBHS 3arpsi3HEHHUSI aTMOC(EpHOro BO3JyXa MEramoJjiuca MpoBOAMIIACH C
NpUMEHEHUEM JIAaHHBIX 10 MOHUTOPHHTY KadyecTBa aTMOC(EepHOTo BO3ayXa. bbll TpoBeieH Takke
pacyeT MHAMBUYAJbHOIO KAHLIEPOI€HHOI 0 PUCKaA /ISl HACEICHUS IPU MHIAJALIMOHHOM IOCTYII-
neHnn OeH3(a)upeHa coriracHo MeTouke, mpeactabiaerHoi B P 2.1.10.3968-23 «PykoBoaCTBO 1O
OIIEHKE PHCKa 3JJ0POBbIO HACEJICHU S IPH BO3ICHCTBUHM XUMHYECKHUX BELIECTB, 3aT PSA3HAIOIIUX Cpe-
ny oburtanusy». Pesyromamot u o6cysncoenue. Pe3ynbraTsl IPOBEICHHOTO UCCIIEIOBAHMS TTOKa3a-
JIW, 9TO YPOBEHB 3aTrps3HCHUs] aTMOCHEpPHOr0o BO3JAyXa Meramoianca 0eH3(a)ITupeHOM COCTABIISI
or 1,2 IAK . mo 2,0 IIAK_  Ilpu 5ToM Hambosee 4acTO MPEBLIMIEHHS MPEAETBHO NOMYCTUMBIX
KOHIEHTPALHUH PEruCTPUPOBANIUCH B pailoHax ¢ HauOONBIIMM KOJIMYECTBOM HPOMBIIIICHHBIX
00bekToB. Tem He MeHee pacueT Mmokas3aTesied HHANBUAYaIbHOTO KaHIIEPOreHHOI'0 pucKa 1o 6eH-
3(a)upeHy ISl HACEJIEHU s II0Ka3all, YTO €ro 3Ha4eHH sl HaXOAsTCA B IIpejiesiaxX IepBoro Juamnaso-
Ha, KOTOPBIH COOTBETCTBYET AOIMYCTUMOMY PHUCKY, HE TPeOyIOIEeMY JONOJHUTENbHBIX MPOpUIIAK-
THYECKUX MEPONpUATHH. 3akaiouenue. Takum oO6pa3oM, pe3yJbTaThl HCCICAOBAHUS MOKA3alH,
YTO YPOBEHB 3arpsi3HEHHS aTMOC(EpPHOro BOo3yxa OCH3(a)TUPEHOM B METAIOIUCEe HAXOAUTCS Ha
JOCTAaTOYHO HU3KOM YPOBHE, HECMOTPsI Ha 0OJIBLIOE KOJNUYECTBO PYHKIMOHUPYIOMIUX ITPOMBIIII-
JICHHBIX 00BEKTOB.

KJHKOYEBBIE CJIOBA: Oen3(a)nupeH, WHIWBHIYATLHBIH KaHIEPOTSHHBIH PHCK, 3J0POBHE
HACEJICHHU S, TPOMBIIIIIICHHAS YKOJIOTHUSI
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INTRODUCTION

Currently, air pollution is a key problem in
our country. Solving of this problem is provi-
ded at the national level thanks to the develop-
ment and implementation of the national project
“Ecology” by the Ministry of Natural Resour-
ces and Environment of the Russian Federa-
tion. One of the main reasons for the increase
in the number of environmental pollutants is
rapid growth in the number of urbanized areas.
This problem is especially relevant in megaci-
ties, where a large number of industrial facili-
ties are concentrated and operate, the function-
ing of which leads to the release of chemical
compounds into the atmosphere [1, 2]. Anthro-
pogenic pollutants formed during the technolo-
gical process can negatively influence humans
living in megacities in the form of carcinogenic
and non-carcinogenic effects [3, 4]. Specificity
of this impact will be due to the profile of lea-
ding industry for a given territory, as well as a
list of priority pollutants generated as a result of
the activities of industrial enterprises [5].

Of considerable interest are large cities, where
the large proportion of emissions into the atmo-
sphere are chemical compounds that have a car-
cinogenic effect [6, 7]. One of such industrially
developed cities can be considered St. Peters-
burg, where the leading industries are mechanical
engineering and chemical industry [8, 9].

According to data on the environmental si-
tuation in St. Petersburg, the list of priority air
pollutants, the content of which is a subject to
constant monitoring, includes chemical sub-
stances such as nitrogen oxide, nitrogen dioxi-
de, sulfur dioxide, carbon monoxide, suspended
matter, as well as a class I carcinogenic sub-
stance, benzo(a)pyrene [10, 11]. The presence
of this carcinogenic chemical substance in the
air of megacity is a risk factor for the develop-
ment of neoplasms in humans [12, 13]. Thus,
concentrations of benzo(a)pyrene as a class 1
hazard substance in the air must be regularly
monitored and remain within the permissi-
ble values established by the requirements
of SanPiN 1.2.3685-21 [14]. An increase of
maximum permissible concentrations (MPC)
of benzo(a)pyrene, despite carcinogenic effect
(the development of malignant neoplasms in the
population), can also have mutagenic, embryo-
toxic and hematotoxic effects [15, 16]. Thus,
this chemical substance is dangerous both for

the population living in the megacity, and for
subsequent generations.

An analysis of population morbidity in
St. Petersburg showed that diseases related
to the class of neoplasms are among the most
common and occupy tenth place in the overall
structure [17].

Thus, high rates of industrial enterprises de-
velopment have an adverse effect on the quality
of atmospheric air in large cities, leading to the
release of chemicals into the environment that
have a carcinogenic effect [18]. Chronic inha-
lation of high concentrations of such substances
can increase the risk of developing malignant
neoplasms, and also affect the health of the
younger generation [19-23]. This fact indicates
that the concentrations of chemicals, especially
carcinogenic ones, should be subject to constant
monitoring with subsequent calculation and pre-
diction of the health risk to the population living
in megacities [24, 25].

AIM

To assess the quality of atmospheric air in
terms of benz(a)pyrene pollution with subse-
quent calculation of the carcinogenic risk for
the population.

TASKS

To assess the quality of atmospheric air in
St. Petersburg in terms of benzo(a)pyrene con-
tent, the following tasks were set during the
study.

1. To assess the technogenic potential of St.
Petersburg.

2. To analyze the quality of atmospheric air
in St. Petersburg in terms of benzo(a)pyrene
content.

3. To calculate individual carcinogenic risks
for the urban population exposed to benzo(a)
pyrene through inhalation.

MATERIALS AND METHODS

The study object is atmospheric air of the
industrially developed metropolis, polluted by
emissions from stationary sources. To assess
the technogenic potential of St. Petersburg, an
analysis was conducted based on data provided
by the Ministry of Industry and Trade of the
Russian Federation. According to the industri-
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al atlas, there are approximately 400 industrial
facilities of various types located and operating
within the city. Our database included 392 in-
dustrial facilities divided according to the loca-
tion, industrial sectors and economic activities.

Air quality was assessed according to the
data obtained during the air quality monitoring
at 25 automatic stations in St. Petersburg. Re-
sults of the monitoring were published by the
Government of St. Petersburg in reports on the
environmental status. The total amount of pol-
lutant emissions from stationary sources, as
well as the share of individual ingredients in
them, were taken into account. In particular, the
level of content of solids, volatile organic com-
pounds (VOCs), hydrocarbons (non-VOCs), ni-
trogen oxide (NO,), carbon monoxide and sulfur
dioxide in atmospheric air. Also, exceedances of
MPC of chemical substances in atmospheric air
were recorded for the entire study period in ac-
cordance with the regulatory document SanPiN
1.2.3685-21 [14]. During the formation of da-
tabases of primary material, 3100 information
units were analyzed.

The calculation of the individual carcinoge-
nic risk for benzo(a)pyrene, taking into account
the data on the exposure level and the values
of carcinogenic potential factors, was carried
out according to the methodology presented in
R 2.1.10.3968-23 “Guidelines for assessing the
risk to public health from exposure to chemi-
cals polluting the environment” [26]. In as-
sessing carcinogenic risks, the lifetime average
daily doses (LADD) of benzo(a)pyrene present
in emissions were used, averaged over a human
lifetime. During the calculation, the following
parameters were also taken into account: the
concentration of benzo(a)pyrene in atmospheric
air (C), its intake rate (CR), exposure duration
(ED), exposure frequency (EF), human body
weight (BW), and the averaging time (AT) —
set at 70 years for carcinogens, with 365 days
per year. The average daily dose was calculated
using Formula 1:

LADD = (C - CR - ED - EF) / (BW - AT - 365).

The LADD calculation subsequently allowed
to determine the individual carcinogenic risk
(CR) taking into account such indicators as the
slope factor for inhalation exposure (SFI) and
the coefficient of severity of malignant neo-
plasms. The individual carcinogenic risk for the

population of a metropolis was calculated using
Formula 2:
CR =LADD - SFI - g.

RESULTS AND DISCUSSION

The results of the analysed data of the Mi-
nistry of Industry and Trade of the Russian
Federation made it possible to create a database
of industrial facilities operating in the territory
of St. Petersburg, taking into account the area of
their location. It was established that more than
300 industrial facilities operate in the city. The
leading profiles are mechanical engineering,
chemical industry, light industry and pharma-
ceutical industry. At the first stage of the study,
the districts of St. Petersburg were categorized
into groups based on the number of industrial
facilities in each. The 18 districts of St. Peters-
burg formed four groups. The results of this
distribution are shown in Table 1.

Ranking of city districts depending on the
number of industrial facilities in them allowed
us to put forward a hypothesis about which dist-
ricts will be more exposed to man-made loads
and characterized by the highest values of car-
cinogenic risk for benzo(a)pyrene for the health.

At the second stage of the research, an analy-
sis of state reports of the Government of St. Pe-
tersburg on the level of air pollution by benz(a)
pyrene, the concentrations of which in the city
were determined using an automated monito-
ring system. During data processing, it was es-
tablished that over a ten-year period, concentra-
tions of ben(a)pyrene exceeding the maximum
permissible values established by the hygienic
standard SanPiN 1.2.3685-21 varied within
the range from 1.2 MPCs.s. to 2.0 MPCs.s. It is
noteworthy that the most frequent exceedances
were recorded in the Kalininsky and Moskovsky
districts of St. Petersburg, which belong to the
IIT and IV ranked groups, respectively. It should
be noted that the ten-year dynamics of measure-
ments of benzo(a)pyrene concentrations is cha-
racterized by the absence of exceedance of ave-
rage annual concentrations of this compound in
the atmospheric air of St. Petersburg from 2012
to 2018. However, the excess of MPCc.c. was
registered from 2019 to 2021. Thus, the MPC
c.c. in 2019 was exceeded by 2 times compared
to the hygienic standard, and in 2020-2021 this
value was 1.2 MPC c.c. In addition, in most ca-
ses, the change in benz(a)pyrene concentration
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Table 1

The distribution of Saint Petersburg districts into groups depending on the number of industrial facilities

Tabnuya 1

Pacnipenenenne paiionos Cankr-IlerepOypra Ha rpynibl B 3aBUCHMOCTH OT KOJIMYECTBA ITPOMBIIIICHHBIX 00OBEKTOB

I'pynmna, Ne / KonuyecTBO NpOMBINLIEHHBIX 00bEKTOB /
Group, No. Number of industrial facilities

Paiion Cankr-Ilerepoypra /
District of Saint Petersburg

I 1o 10 /up to 10

Kpacnocenbcknii / Krasnoselsky
Kponmranckuii / Kronshtadtsky
Kypoptasrii / Kurortny
IMymxunckuii / Pushkin

11 10 20 / up to 20

Konnuuckuii / Kolpinsky
IerponBoprioBsiii / Petrodvorets
Opynsenckuii / Frunzensky
Henrpanbusiii / Central

111 10 30 / up to 30

Bacuneoctposckuii / Vasileostrovsky
Kanunnncknit / Kalininsky
KpacnorBapaetickuii / Krasnogvardeysky
IIpumopckuit / Primorsky

v 30 u 60mee / 30 or more

Anmupanreiickuii / Admiralteysky
Bri6oprekuii / Vyborgsky
Kuposckuii / Kirovsky
MocxkoBckuii / Moskovsky
Hesckuii / Nevsky
Ierporpanckuii / Petrogradsky

Table 2
Indicators of individual carcinogenic risk for benz(a)pyrene for the population of Saint Petersburg
Tabnuya 2
[MToxazarenn MHINBUAYATFHOTO KAHIIEPOTEHHOTO pHCKa Mo OeH3(a)mupeny it Hacenerus Cankt-IletepOypra
Paiion Cankr-IlerepOypra / CR
District of Saint Petersburg LADD SFI (Carcinogenic Risk) Auanason / Range
Anmupanreiickui / 6,0x107® 3,9 2,3x107 1-i1 muanason / 1st range
Admiralteysky CR <1x10°¢
Bacuneocrtposckuii / 6,28x1078 3,9 2,4x107 1-if nuana3on / 1st range
Vasileostrovsky CR <1x10°¢
Bri6oprexwuit / 7,43x1078 3,9 2,9x1077 1-if nuana3on / 1st range
Vyborgsky CR <1x10°¢
Kanununckwii / 4,86x10°% 3,9 1,9%1077 1-it nuanason / 1st range
Kalininsky CR <1x10°¢
Kupogsckuii paiion / 8,57x10° 3,9 3,3x1077 1-it auanaszoH / 1st range
Kirovsky district CR <1x10°
Konmuuckwii / 6,57x1078 3,9 2,6x107 1-it nuanason / 1st range
Kolpinsky CR <1x10°¢
KpacuorBapueiickuii / 8,28x1078 3,9 3,2x107 1-if quana3on / 1st range
Krasnogvardeysky CR <1x10¢
Kpacnocenbckmii / 6,86x107% 3,9 2,7%107 1-if qumana3on / 1st range
Krasnoselsky CR <1x10°¢
Kponurraackuii / 6,0x10°® 3,9 2,3x1077 1-it nuanason / 1st range
Kronshtadtsky CR <1x10°¢
KypoptHbiii / 2,28x10°% 3,9 8,9x10°% 1-it auanaszoH / 1st range
Kurortny CR <1x10°
Mo CKOBCKHiA / 7,43x1078 3,9 2,9x107 1-it nuanason / 1st range
Moskovsky CR <1x10°¢
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Ending of the Table 2 / Oxonuanue mabn. 2

Paiion Cankr-Ilerepdypra / CR

District of Saint Petersburg LADD SF1 (Carcinogenic Risk) Auanason / Range
Hesckuii / 1,11x107 3,9 4,3x107 1-it nnanason / 1st range
Nevsky CR <1x10°¢
[Merporpanckwuii / 2,85x10°* 3,9 1,1x107 1-it nnanason / 1st range
Petrogradsky CR <1x10°¢
IMeTpoaBopIOBbIii / 6,0x10°% 3,9 2,3x107 1-it nuanason / 1st range
Petrodvorets CR <1x10°¢
Ipumopckuii / 6,57x107* 3,9 2,6x107 1-it nuanason / 1st range
Primorsky CR <1x10°¢
[ymkuuckuit / 6,0x107% 3,9 2,3x1077 1-if quana3son / 1st range
Pushkin CR <1x10°
OpyH3eHCKHH / 6,0x10°® 3,9 2,3x1077 1-it nnanason / 1st range
Frunzensky CR <1x10°¢
LenTpanbHblii / 9,43x10°% 3,9 3,7x107 1-if quana3on / 1st range
Central CR <1x10°

Ilpumeuanue / Note: LADD — lifetime average daily dose / cpeanecytounas noxusHenHas ng03a; SFI — slope factor inhalation / pakrop kaH-

LIEPOreHHOTr0 NoTeHKana npu uaransun; CR — carcinogenic risk / BemMunHa HHIMBHUYalbHOTO KAHLEPOTEHHOTO PUCKA.

is characterized by seasonality (annual varia-
tion). Thus, an increase in concentrations during
the year is most often observed in the cold sea-
son during the heating period: from November
to February.

The next stage of the study was to calculate
the LADD and CR for residents of the districts
of St. Petersburg. The results of the calculations
are presented in Table 2.

As the results of statistical processing of the
obtained data using Pearson’s correlation coef-
ficient, it was established that between the two
indicators (the number of industrial facilities in
the region and the obtained value of individual
carcinogenic risk) an average positive linear
correlation was observed (r=0.3736).

According to the Office of the Federal State
Statistics Service for the city of St. Petersburg
and the Leningrad Region, the incidence of
neoplasms in the population has a tendency to
increase over the period from 2016 to 2019.
Moreover, the maximum level of this indicator
was reached in 2019 and amounted to 6875.5
per 100,000 people in St. Petersburg. In 2020,
the decrease in morbidity was due to low rates
of appeal of the population associated with the
epidemiological situation. Since 2021, we again
note a trend towards an increase in the number
of neoplasms.

An analysis of the obtained data allows to
conclude that the indicators of individual car-
cinogenic risk for the level of benzo(a)pyrene in
the atmospheric air for the population of St. Pe-

tersburg are within the first range, which refers
to the acceptable level of risk.

CONCLUSION

Thus, the research allowed to establish that
there are over 300 large and medium-sized in-
dustrial facilities operating in St. Petersburg,
which form the technogenic potential of the
metropolis.

Every year, during the technological process,
stationary sources emit tons of chemicals into
the atmosphere, including carcinogenic ones.
In this article, the level of benzo(a)pyrene air
pollution in St. Petersburg was discussed. The
results showed that the level of this pollution in
megacity is within the low levels, despite the
large number of industrial facilities operating in
St. Petersburg.

This fact is confirmed by the results obtained
during the calculation of individual carcinoge-
nic risk for residents of each of the metropolitan
districts. The values of individual carcinogenic
risk are within the first range and correspond to
the acceptable risk level.
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JOIMOJIHUTEJIbBHAA HHO®OPMALUA

Bkiaan aBTopoB. Bce aBTOpHI BHECHH Cy-
IIECTBEHHBIA BKJIAJ B pa3pabOTKy KOHIICTIIIHH,
MPOBEACHUE HMCCIEIOBAHUS U TOJATOTOBKY CTa-
ThU, NMPOWIA U OJOOPHIN (PUHAIBHYIO BEPCHUIO
nepes myOnuKanue.

KoHn(uukT nHTEpecoB. ABTOPBI JEKIapUPY-
0T OTCYTCTBUE SIBHBIX M MOTEHIUAIbHBIX KOH-
(hTMKTOB MHTEPECOB, CBA3AHHBIX C MyOIHMKAIHEH
HacTOsIIEeH CTaThH.

HUcTounuk ¢puHancupoBanus. ABTOpHI 3a-
SIBJSIIOT 00 OTCYTCTBHM BHENTHETO (PMHAHCHPO-
BaHUS TIPU MPOBEICHUN HCCIICTOBAHUS.
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