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Abstract. Features of atmospheric air pollution in a non-industrial city: risk for the population. Serdyuk A.M.,
Hushchuk LV., Chernychenko 1.O., Lytvychenko O.M. Purpose — to study the territorial features of atmospheric air
pollution of the regional administrative center without specific industrial sources of pollution, to determine
carcinogenic and non-carcinogenic risks for the population. The study was carried out in Rivne. The results of our own
observations, the materials of the State Institution “Rivne Regional Laboratory Center of the Ministry of Health of
Ukraine”, the materials of the Central Geophysical Observatory of the Ministry of Emergency Situations in Ukraine
were analyzed. It was found that in the atmospheric air of Rivne, a regional center with a number of industrial facilities
of communal property and a developed road network, the presence of chemical compounds of different classes is stably
recorded, the concentrations of which in 20-40% of the samples exceed the MPC and reference concentrations.
Territorial indicators of the content of harmful substances are in the following relationship: motorway > industrial zone
> park zone. Hygienic assessment of air quality by MPC criteria allows it to be classified as slightly hazardous.
According to the criteria of carcinogenic and non-carcinogenic risks, air pollution in the city is not safe for the
population and requires the adoption of preventive measures. It was shown that with exposure of detected air pollution
there is a rather high probability of damage to the respiratory system of the body and the appearance of congenital
malformations, as well as the development of cancer pathology. Hazard assessment of air pollution by carcinogenic
and non-carcinogenic risks indicators is more informative and critically significant for determining its effect on public
health.

Pedepat. OcobenHocTu 3arpsizHeHusi aTMoc¢epHOro Bo31yXa HeNMPOMBbILLJIEHHOT0 TOPOAA: PUCK JJIs HACeJIeHMS.
Cepaok A.M., I'ymyk U.B., Yepauuenko U.A., JlutBuuenko O.H. [Jerv — uzyuenue meppumopuanvrvix ocoben-
Hocmell  QopMUposanus 3azps3HeHUs ammoc@eprHoeo 8030yxa 00IACMHO20 AOMUHUCMPAMUBHO20 YeHmpa 0e3
UMEIOWUXCA  CNeYuDUUecKux NPOMbIUIEHHBIX UCMOYHUKOG 3ACPSI3HEHUs, OnpedeneHue KAHYEpO2eHHO20 U HEeKaH-
yepozenno2o puckos oas Haceienmus. HMccrneoosanue npoeodunu 6 e. Posno. Ilpoananuzuposanvl pezyivmamul
cobcmeennvlx  HaOmooenuu, mamepuanvt 1Y «Pogenckuti obracmuou aabopamopuwiii yewmp M3 Vipaunory,
Lenmpanvuoti  ceoghusuueckoii  obcepgamopuu  Munucmepcmea no upessblUaUHLIM cumyayusm 6 YKpaume.
Yemanoeneno, umo 6 ammocgheprom 6o30yxe e. Posno, obnacmuom yenmpe ¢ paoom npoOMbIUIEHHBIX 00bEKMO08 KOM-
MYHAAbHOU COOCMEEHHOCU U PA3GUMOL CEeMblo asmooopoe, CMAOUILHO PecUCHPUPYEmcs HATUdue XUMUYECKUX
COeOUHEHUN PA3TUYHBIX KAACC08, KoHyenmpayuu komopwuix 8 20-40% npob npesvuuarom IIJJK u pegpepenmuule KoH-
yenmpayuu. Teppumopuanbhvie NOKA3AMeNU COOEPHCAHUSI BPEOHbIX GEUWeC8 HAXOOAMCA 8 MAKOU 3a8UCUMOCU!
ABMOMAUCIPATL = NPOMBIUICHHAS 30HA > NAPKO8as 30Ha. 1 usueHuyeckas oyeHka Kavecmeaa 030yxa no Kpumepusm
HJIK noseonsem knaccuguyuposams e2o kax ciabo onacuuiii. I1o kpumepusim KaHyepoeeHHo20 U HEKAHYEPOLEHHO20
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PUCKO8, 3a2psA3HeHUe 8030VUIHOU Cpedbl 20po0a He ABnAemcs 0e30NacHbiM OJid HAceleHus u mpebyem NpUHAMUS
npogpunakmuyueckux mep. Ilokazano, wmo npu 6030elicmeul 0OHAPYICEHHO20 3ASPSZHEHU. 8030YXA CYUleCmeyem
00B0ILHO  BHICOKASL BEPOSIMHOCHIL NOBPENCOCHUs. ObIXAMENbHOU CUCIMEMbl OP2AHUIMA U NOSGLEHUSL 8PONCOCHHBIX
NOPOKO8 pazeumus, a makdice pazeumus pakoeot namonocuu. Oyenka OonacHOCmu 3a2ps3HeHUst ammochepHozo
6030yXA NO NOKA3AMENSIM KAHYEPOLEHHO20 U HEKAHYEPO2LEHHO20 PUCKO8 selisemcs 0ojee UH@OOPMAmueHot u
KPUMEPUATbHO 3HAYUMOTL OJis ONpedeieHuUst 6IUSIHUSL €20 HA 300P06be HACENCHUS.

The problem of quality of atmospheric air
remains urgent for the population of any settlement.

Many domestic and foreign researchers note the
leading etiological role of atmospheric air pollution
in relation to other environmental objects in deter-
mining environmental factors and their impact on
population health and quality of life [5, 7, 8, 10, 11].

In the Report of WHO Experts “Risk Reduction,
Promoting a Healthy Lifestyle” [9] 5.0% of deaths
from tracheal, bronchial and lung cancer, 2.0% of
cardiopulmonary diseases, and 1.0% of respiratory
infections are associated with atmospheric air pol-
lution with small particles.

But it is important to note that atmospheric air
pollution and its danger to the population have been
identified in most studies on the example of large or
industrialized cities with specific sources of pol-
lution [2, 6, 7]. At the same time, this kind of
research in the territory of small settlements was
practically not carried out, which complicates
extrapolation of the data available.

The aim of the work was to study the territorial
features of the formation of atmospheric air pol-
lution of the regional administrative center without
the presence of specific industrial sources of
pollution and to determine its carcinogenic and non-
carcinogenic risk to the population.

MATERIALS AND METHODS OF RESEARCH

The studies were conducted in Rivne, a regional
center with a number of communal property
enterprises with 2.8 thousand tons or 11.5 kg of total
emissions per capita per year. But specific gravity of
industrial emissions is much lower than that of
motor vehicles. Thus, in 2017, emissions to atmo-
spheric air from stationary sources reached 14.9
thousand tons, while from mobile — 45,5 tons [1].

In order to evaluate the actual atmospheric air
pollution, the results of our own research, the
materials of the State Institution «Rivne Regional
Laboratory Center of the Ministry of Health of
Ukraine» and the Central Geophysical Observatory
of the Ministry of Emergency Situations of Ukraine
«On the State of Air Pollution for 2017-2018» were
analyzed.

Danger assessment and risk identification for the
population caused by pollution were carried out,
guided by international methodological approaches
tested by us [3, 4].
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RESULTS AND DISCUSSION

The analysis of the materials obtained revealed
the presence of stable compounds of different
classes in atmospheric air in Rivne, quantitative
measurement of which allows to determine features
of their territorial distribution. The highest con-
centrations of the identified substances, the total list
of which contains 9 compounds (dust, nitrogen and
sulfur dioxide, carbon monoxide, phenol, formal-
dehyde, hydrogen fluoride, benz/a/pyrene and am-
monia) were observed in the industrial area and near
highways, the lowest - in the recreation park zone.
During the annual cycle the excess of sanitary-
hygienic standards of compounds was noted in 20-
40% of samples (Table 1).

The most frequently excess of maximum permis-
sible concentrations (MPC) was observed in dust,
reaching 3.3 multiplicity by the average concentra-
tions and 5.6 — by the maximum ones. By average
concentrations, excess of hygiene standards was also
recorded for nitrogen dioxide, formaldehyde, am-

monia and phenol — in the range of 1.2-1.5
multiplicity, while by maximum — for all identified
compounds (Table 2).

Similar or the like data are also obtained when
comparing real concentrations with reference ones.

To address the degree of danger of registered air
pollution, the indicators of carcinogenic and non-
carcinogenic risk for the population were determined
in the work [3, 4].

Non-carcinogenic risk characterization was per-
formed using the hazard quotient (HQ) criterion, and
hazard indices (HI) were calculated as the sum of the
hazard coefficients of individual substances for the
completeness of the determination of the harmful
effects of pollution resulting from the combined
action of the entire spectrum of substances.

Considering that under real conditions, con-
centrations of hazard substances in the air are not
constant, to calculate the risk we were quided by the
risk time-averaged and averaged data for the city.

Based on the results of the calculations (Table 2),
it is evident that, despite the fact that the MPC of the
individual substances in atmospheric air of Rivne is
insignificant, the general hazard index for the popu-
lation is quite high (15.5) by the average daily con-
centrations. Dust (HQ=5.0) and ammonia (HQ=4.0)
have the highest proportion in the formation of non-
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carcinogenic risk; formaldehyde (HQ=1.5) and
nitrogen dioxide (HQ=1.2) also play a significant
role. According to generally accepted international
classification of non-cancerous risk, these
compounds form high and alarming levels of risk [3,

4], since hazard quoitents and indices at levels
higher than 1 indicate the likelihood of development
of harmful effects in the organs and systems of the
human organism, which increases proportionately to
their growth (Tables 3, 4).

Table 1
Average daily concentrations of priority substances in the atmospheric air of Rivne
Content in the air, mg /m’ Average daily Reference
. Class of R
Chemical compounds MPC, concentration,
danger 3 3
minimum average maximum mg/ m RfC, mg/m
dust 0.21 0.5 0.84 3 0.15 0.1
nitrogen dioxide 0.024 0.048 0.082 2 0.04 0.04
sulfur dioxide 0.02 0.03 0.06 3 0.05 0.05
carbon monoxide 0.1 2.4 5.0 4 3.0 3.0
phenol 0.001 0.004 0.012 2 0.003 0.006
formaldehyde 0.001 0.0046 0.008 2 0.003 0.003
hydrogen fluoride 0.001 0.004 0.012 2 0.005 -
benz/a/pyrene, ng/ m3 0.2 0.9 12 1 1.0ng/m’ 1.0 ng/m’
ammonia 0.03 0.4 0.7 2 0.2 0.1

As can be seen from the tables, the respiratory
system of the human body (HI=13.8) and congenital
malformations (HI=6.7) are the most vulnerable to

the existing quantitative and qualitative composition
of air pollution.

Table 2

Critical assessment of air pollution in Rivne

Multiplicity of excess of MPC
Chemical substances

Multiplicity of excess of reference concentrations, HQ

by averaged by maximum by averaged by maximum

concentrations concentrations concentrations concentrations
dust 33 5.6 5.0 8.4
nitrogen dioxide 1.2 2.5 1.2 2.5
sulfur dioxide 0.6 1.2 0.6 1.2
carbon monoxide 0.8 1.7 0.8 1.7
phenol 1.3 4.0 0.7 2.0
formaldehyde 1.5 2.7 1.5 2.7
hydrogen fluoride 0.8 2.4 0.8 24
benz/a /pyrene 0.9 1.2 0.9 1.2
ammonia 1.5 35 4.0 7.0
> 11.9 24.8 15.5 29.1
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Considering the danger of the oncogenic effect
and understanding its social significance, we analyze
the carcinogenic risk of individual compounds. Of
the carcinogenic substances identified in the

atmospheric air in Rivne are benz/a/pyrene and
formaldehyde, for which the carcinogenic potential
was defined on the basis of dose-effect dependencies
(Table 5).

Table 3

Critical organs and systems that are primarily affected by studied compounds

Compound

Critical organs / systems

dust

nitrogen dioxide
sulphur dioxide respiratory system
carbon monoxide
phenol
formaldehyde
hydrogen fluoride respiratory system, bone system
benz/a/pyrene

ammonia respiratory system

respiratory organs, congenital malformations

respiratory system, blood (MetHb formation)

blood, CVS, congenital malformations, CNS

CVS, kidneys, CNS, liver, respiratory system

respiratory system, eyes, immune system, cancer

immune system, birth defects, cancer

According to the estimated indicators, the carci-
nogenic risk is in the range from 1.15x10* to
6.20x10°, where formaldehyde plays the leading
role. In general, such results indicate that even in the
case of a small excess of the MPC, the carcinogenic
risk slightly exceeds the allowable level and reaches
alarming levels. Considering that the effect of these

factors occurs against the simultaneous inhalation
effect of nitrogen dioxide and phenol especially,
which are modifiers of carcinogenesis, that is
manifested in the enhancement of the carcinogenic
effect, and Rivne, like the whole Rivne region,
belongs to the territory of high radiation control, and
these results cannot be ignored.

Table 4

General characteristics of non-carcinogenic risk by criteria of damage
to critical organs and systems due to inhalation exposure
to studied compounds in Rivne

Critical organs and systems of the body Total hazard index HI
respiratory system 13.8
congenital malformations 6.7
immune system, cancer 2.4
blood 2.0
CNS, CVS, eyes 1.5
the bone system 0.8
liver, kidney 0.7
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Table 5

Carcinogenic risk due to air pollution in Rivne

Near

Compound Near the motorway industrial enterprises Park area In the whole city
formaldehyde 1.13 x10* 9.88 x10° 2.6 x10° 6.1 x10°
benz /a/pyrene 1.91 x10°¢ 1.63 x10°° 1.0 x10° 1.3 x10°¢
¥ 1.15 x10™ 1.00 x10° 2.7 x10° 6.2 x10°

Therefore, in assessing the situation in Rivne as a
whole, it can be noted that by the total pollution
index, calculated as the sum of the ratios of real
concentrations to their MPCs, adjusted for the
hazard class of compounds, air pollution in the city
is considered to be slightly dangerous. However,
even under such conditions, chemical pollution of
the air poses a threat to the health of the population
in terms of carcinogenic and non-carcinogenic risk.
The way this may affect health indicators of the
population will be shown in the following pub-
lications on the issues of quantitative and qualitative
characteristics of the disease incidence and determining
of environmental component in their formation.

CONCLUSIONS

1. In the atmospheric air of Rivne, a regional
center with a number of industrial objects of com-
munal property and a developed network of
highways, the presence of chemical compounds of
different classes is steadily registered, the con-

centrations of which in 20-40% of samples exceed
the corresponding MPCs and reference concen-
trations. Territorial indicators of the content of
harmful substances are as follows: motorway >
industrial zone> park zone.

2. Hygienic assessment of air quality by the
criteria of the MPC allows to classify it as slightly
dangerous.

3. According to the criteria of carcinogenic and
non-carcinogenic risk, the air pollution of the city is
not safe for the population and requires preventive
measures. It is shown that due to the influence of the
detected air pollution of the city there is a rather
high probability of damage to the respiratory system
and the occurrence of birth defects, as well as the
development of cancer pathology.

4. Conflict of interests. The authors declare that
there is no conflict of interest.
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