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Abstract. Carcinogenic substances in the atmospheric air of Dnipro city and risk to the population.
Serdiuk A.M., Chernychenko 1.O., Lytvychenko O.M., Babii V.F.,Kondratenko O.Ye., Hlavachek D.O. The
objective — to study the dynamic changes for the health risk of the population of the industrial center in accordance with
the state of atmospheric air pollution with carcinogenic compounds. The assessment of the state of atmospheric air
pollution was carried out by us based on the results of physicochemical analysis of samples taken in places attached to
the locations of stationary posts of state monitoring. The concentration of identified substances was determined by
conventional methods: spectral-luminescent and gas chromatographic. Heavy metal concentrations were determined
using data from the Central Geophysical Observatory of the Ministry of Emergency Situations. The calculation of the
inhalation load of chemical carcinogens and the risks associated with them (non-carcinogenic and carcinogenic) was
carried out in accordance with domestic guidelines. The assessment of dynamic changes in the nature of atmospheric
air pollution with a complex of carcinogenic substances was made 5 of them are constantly recorded at levels
exceeding hygienic standards. When compared with the reference concentrations, all compounds are characterized by
high coefficients, indicating the likelihood of their effect on the body's immune system, respiratory organs,
malformations, etc. A high individual carcinogenic risk of the effect of chromium VI and nitrosamines was determined.
A total carcinogenic risk is formed at levels of 2.5 — 3.9x107, which should be considered as high; this requires
development and implementation of preventive measures. On the territory of the industrial center, a high level of air
pollution with increased carcinogenic and non-carcinogenic risk is stably registered.

Pedepar. Kanueporennnie BemecTsa B aTMocepHoM Bo3ayxe r. /Inenp u puck aiast Hacedenusi. Cepaiok A.M.,
Yepunuenko U.A., JIutBuuenko O.H., baouii B.®., Konapartenko E.E., I'maBauek [.A. [[ers pabomel - uzyyenue
OUHAMUYECKUX UBMEHEHUU pUcKa OJisi 300P06bsi HACENeHUs. NPOMBIUIEHHO20 YEHMPA 6 COOMSEMCMEUU C COCMOSHUEM
3a2PAZHEHUS. AMMOCPHEPHO20 8030YXA KAHYEPOLEHHbIMU coeOuHeHusimy. OYeHKa cOCMOsIHUSL 3a2P3HENRUsL amMOCHEPHO20
6030yXa NPOGOOUNACL HAMU NO PEMPOCNEKMUGHbIM OGAHHBIM Pe3yIbmamos  (QU3UKO-XUMUYECKO20 aHanu3a npoo,
OMOOPANHBIX 8 MeCmax, NPUBA3AHHLIX K HYHKIMAM PACNONOJNCEHUS CMAYUOHAPHBIX NOCMO8  20CYOapCMBEHHO20
MoHnumopunea. Onpedenenue KOHYEHMpayuil  UOEHMUDUUUPOBAHHBIX — 8EWECE  NPOBOOUNOCH — CNEKMPATbHO-TIOMU-
HeCYeHmHbIM U 2azoxpomamozpaghuueckum memooamu. Konyenmpayuu msicenvix MEmauio8 Onpedesiiucy no OaHHbIM
Lenmpanvrou eeoghuzuueckoti obcepeamopuu Munucmepcmea no upesgviuaiinbim cumyayusim. Pacuem uneansyuornot
HASPY3KU XUMUHECKUX KAHYEPOLEHO8 U 00YCI0GIEHHO20 UMU PUCKA (HEKAHUEPOSEHHO20 U KAHYEPOSEHHO20) NPOBOOUTICS 6
coomeemcmeuy ¢ OMmeYecmeeHHbIMU MemOOUYECKUMU  peKoMeHOayuaMY. Jlana oyeHKka OUHAMUYECKUX U3MEHeHUll
Xapakmepa 3a2psi3HeHust amMOCHEPHO20 8030YXA KOMIIEKCOM KAHUEPOLEHHbIX Gewecms, 5 U3 KOMOPbIX NOCHOSHHO
pecucmpupyiomcs. Ha  YPOGHsX, NPeGblaouux —2ucuenudeckue Hopmamusul. Ilpu cpasnenuu ¢ pegepenmubimu
KOHYEHMpayusiMu  6ce COCOUHEHUsL XapaKmepu3ylomcsi GblCOKUMU KOIDHUYUEHMAMU ONACHOCMU, YKA3bIGAIOWUMU HA
BEPOSIMHOCIb UX GIUSHUSL HA UMMYHHYIO CUCMEMY Op2aHu3Md, Op2ambl ObIXanus, nopoku paseumust u m.n. Onpedenen
8bICOKULL UHOUBUOYANILHBIL KAHYEPOLEHHbIN PUCK 8MUAHUA Xpoma VI u Humposamuros. CyMMapHbIl KAHYEPOLEHHbIU PUCK
ona nacenenus popmupyemes na yposusax 2,5 — 3,9x107 u keanugpuyupyemen kax vicokuti, umo mpebyem paspabomxi u
sHedpenust npogunakmuyeckux meponpusmuil. Ha meppumopuu npomvluienno2o yeHmpa cmaduibHo pecucmpupyemcs
BbICOKULL YPOBEHb 3ACPAZHEHUSI AMMOCHEPHO20 6030YXA C NOBBIUUEHHIM KAHYEPOLEHHIM U HEKAHYEPOLEHHBIM PUCKOM.

226 Licensed under CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

The danger of air pollution to human health is no
longer in doubt. However, the methods and criteria
for assessing the negative impact continue to be the
subject of discussion in the scientific literature [6, 7,
8, 9]. Until now, the state of the air environment is
mainly assessed using hygienic indicators — maxi-
mum allowable concentration (MAC), total pollution
indicators, etc. And, perhaps, this is enough to
address environmental issues, and reasonable criteria
are adequate.

However, in our opinion, this is not enough
when it comes to human health and the need to
determine the role of environmental factors in the
formation of morbidity. To address this issue, risk
indicators are more adequate - carcinogenic and
non-carcinogenic [1, 5].

The aim of the work is to study the dynamic
changes in the risk for the health of the population of
the industrial center in accordance with the state of
air pollution with carcinogenic compounds.

MATERIALS AND METHODS OF RESEARCH
Observations of the state of air pollution in the
city of Dnipro, on the territory of which a number of

powerful enterprises (ferrous metallurgy, coke
chemistry, chemistry, etc.) operate with emissions
that are included in the list of carcinogens directly to
humans [3], were conducted by retrospective ana-
lysis of our own research and data obtained during
the monitoring by the Central Geophysical Observa-
tory of the Ministry of Emergencies of Ukraine.
Hazard assessment and identification of risks for
the population caused by the identified air pollution
of cities were carried out according to the interna-
tional methodological approaches tested by us [2, 4].

RESULTS AND DISCUSSION

Analyzing the obtained data on the state of air
pollution in the city of Dnipro, we can identify a
number of features.

First of all, it should be noted the stable nature of
the content of a complex of chemicals with proven
carcinogenic properties in the air of the city.

Second, the quantitative parameters of the
identified compounds during the almost a twenty-
years’ observation period are marked by fluctu-
ations, which is associated with the intensity of
industrial development (Table 1).

Table 1

Mean daily concentration of priority carcinogenic substances in atmospheric air
of the city of Dnipro, meg/m *

Years of observation

Compounds

2000 2003 2006 2009 2012 2015 2018
BaP 0.0036 0.0035 0.0052 0.0069 0.0061 0.0067 0.006
NDMA 0.048 0.057 0.061 0.063 0.069 0.058 0.054
NDEA 0.019 0.021 0.024 0.024 0.025 0.026 0.026
Cadmium 0.029 0.040 0.055 0.051 0.060 0.059 0.059
Nickel 0.07 0.11 0.10 0.11 0.12 0.11 0.12
Lead 0.270 0.350 0.290 0.290 0.340 0.350 0.380
Chromium VI 0.072 0.126 0.115 0.110 0.130 0.120 0.120
g"gr/ﬁ?'dehyde’ 0.0049 0.0068 0.0063 0.0069 0.0080 0.0070 0.0080

At the same time, noting the presence of
chemical factors in the air and comparing their
content with the maximum allowable concentration,
it is possible to state only the degree of its pollution,

and health hazards remain open. Answers to the
latter can be obtained by comparing the determined
concentrations with the indicators of reference
concentrations (RfC), which, in contrast to the
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MAC, were justified taking into account the effect of
the compound on the human body. In addition, the
calculated coefficients (HQ) and hazard indices (HI)
characterize non-carcinogenic risk in both individual

and total indicators and allow to identify and predict
critical organs and systems where negative effects
are likely to occur (Table 2).

Table 2
Criterion assessment of atmospheric air pollution in the city of Dnipro
Ratio of MAC excess Ratio of RfC, (HQ) excess
Chemical
year of observation year of observation
compounds MAC, RIC,
meg/m® meg/m®
2000 2006 2012 2018 2000 2006 2012 2018

BaP 0.001 3.6 5.0 6.0 6.0 0.001 3.6 5.0 6.0 6.0
NDMA 0.050 0.96 1.22 1.38 1.08 0.050 0.96 1.22 1.38 1.08
NDEA 0.015 1.26 1.6 1.66 1.7 0.015 1.26 1.6 1.66 1.7
Cadmium 0.3 0.09 0.18 0.20 0.19 0.02 1.45 2.75 3.0 2.95
Nickel 1.0 0.07 0.10 0.12 0.12 0.05 14 2.0 2.4 2.4
Lead 0.3 0.9 0.96 1.13 1.27 0.5 0.54 0.58 0.68 0.76
Chromium VI 1.5 0.048 0.07 0.086 0.08 0.1 0.72 1.1 1.3 1.2
Formaldehyde

3.0 1.6 2.00 2.66 2.7 3.0 1.6 2.00 2.66 2.66
mg/m®
> 8.53 11.13 14.53 13.21 11.53 16.25 19.08 18.75

The analysis of the level of danger caused by air
pollution in the city of Dnipro by carcinogenic
compounds can be illustrated by the example of data
obtained in 2018 (Table 3). Based on the fact that
the hazard index, which determines the permissible
levels, should not be higher than "1", then, according
to table 3, all test substances, except for lead, are
characterized by an inflated HQ. According to the
international classification scale, the risk factor for
the concentration of PD is defined as high (HQ=6.0),
the rest of the compounds — alert (1.20-2.95), which
requires the introduction of appropriate preventive
measures for each level.

In general, the total level of non-carcinogenic
risk of the studied compounds is 18.75 and includes
the risk of damage to various organs and systems.
Among somatic diseases, the danger of probable

228

damage to the respiratory organs (HI=9.21), elevated
levels of congenital malformations (HI=6.76),
kidneys (HI=7.69), etc. is noteworthy. But of
particular concern is the likelihood of dysfunction of
the immune system (HI=11.06), changes in which
can contribute to the development of various
pathologies, and especially cancer. The latter is
confirmed by indicators of the probable carcinogenic
risk caused by the identified compounds (Table 4).
As can be seen from the table, the proportion of
separate substances in the formation of carcinogenic
risk is different. The most dangerous are nitro-
samines and chromium VI, the individual risk of
which is considered to be alarming; the carcinogenic
risk of other substances is within acceptable limits.
However, given that certain carcinogenic com-
pounds are in the vast majority of substances of
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unidirectional action on the effects on individual
critical organs and systems, a more objective
criterion for evaluation is the total risk indicator.
The total carcinogenic risk for the population of
Dnipro during the observation period is in the

range of 2.5-3.9 cases of cancer per 1000
population and is considered according to the
international classification [2] as high, which
requires the development and implementation of
precautionary measures.

Table 3

Assessment of carcinogenic risk for population
of the city of Dnipro due to pollution of atmospheric air

Mean daily average

Reference

Chemical compound concentration of concentrations of RfC, HQ Critical organs and systems
meg/m® meg/m®
BaP 0.006 0.001 6.0 Immune system, cancer, congenital defects
NDMA + NDEA 0.054+0.026 0.05+0.015 2.78 Kidneys, liver
Cadmium 0.059 0.02 2.95 Kidneys, cancer, respiratory organs,
hormonal system
Nickel 0.12 0.05 2.4 Blood, respiratory organs, immune system,
CNS, cancer
Lead 0.38 05 0.76 CNS, bIOOfl, congenital defects, kidneys,
reproductive system
Chromium VI 0.12 0.1 1.20 Respiratory organs, cancer, liver,kidneys
Formaldehyde 0.008 0.003 2.66 Respiratory organs, immune system
Total risk, HI HI total 18.75 HI blood 3.16
HI respiratory organs 9.21 HI liver 2.78
HI immune system 11.06 HI hormonal system 2.95
HI congenital defects 6.76 HI CNS 3.16
HI kidneys 7.69 HI reproductive system 0.76
HI cancer 12.55

Thus, the above data indicate a danger to the
health of the population of Dnipro air pollution with
carcinogenic compounds. In addition, it should be
noted that in real conditions the degree of danger is
somewhat higher, as the exposure dose of chemical
carcinogens due to atmospheric air is only about
20%, and the main inhalation load in residential is

21/ Vol. XXV1/ 1

(55.0%) and public non-industrial premises —
(28.0%) [1]. However, in all cases, the primary link
in the chain of formation of the inhalation load of
chemical carcinogens on the body is polluted air, the
struggle for the purification of which should be a
priority for environmental services.
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Table 4

Characteristics of carcinogenic risk due to pollution of atmospheric air of the city of Dnipro

Years of observation

Compounds
2000 2003 2006 2009 2012 2015 2018

BaP 4.0x10°° 3.9x10¢ 5.8x10° 7.7x10° 6.8x10°° 7.5x10° 6.6x10°
NDMA 6.7x10" 7.9x10™ 8.5x10* 8.8x10" 9.7x10™* 8.1x10" 7.6x10"
NDEA 8.2x10™ 9.0x10™ 10.3x10* 10.3x10* 10.7x10* 11.1x10* 9.9x10"
mg/m3 5.2x10° 7.2x10°° 9.9x10° 11.0x10° 10.8x10° 10.6x10 10.6x10
Nickel 1.7x10° 2.6x10° 2.4x10°5 2.8x10° 2.9x10°% 2.8x10° 2.9x10°
Lead 3.2x10°¢ 4.2x10° 3.5x10°¢ 3.5x10¢ 4.1x10°® 4.2x10° 4.6x10°°
Chromium VI 8.6x10" 15.1x10* 13.8x10* 13.2x10* 15.6x10* 14.4x10™* 14.4x10™*
i‘;‘:};‘dehyde’ 6.4x10° 8.9x10° 8.3x10° 9.1x10°* 10.5x10° 9.2x10° 10.5x10°
z 2.5x10° 3.4x10% 3.5x10° 3.5x10% 3.9x10° 3.6x10° 3.4x10°

CONCLUSIONS

1. Highly active carcinogenic compounds are
stably registered on the territory of the city of
Dnipro, the priority of which are polycyclic aromatic
hydrocarbons, nitrosamines and heavy metals.

2. Most dangerous substances in the process of
formation of carcinogenic risk for the population are
chromium VI and nitrosamines, which are products of
exogenous synthesis from nitrogen-containing com-
pounds, where nitrogen oxides play a leading role.

3. To control the state of air pollution, it is
recommended to focus on the MAC indicators, and
when determining the risk to human health — on the
reference concentrations and indicators of non-
carcinogenic and carcinogenic risk.
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