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Introduction

Air pollution is made of pollutants of natural or
anthropogenic (human-induced) origin. Air pollution
is a mixture of solid particles and gases in the air
including  caremissions, industrial  emissions
components, dust, pollen and mold spores as they
maybe suspended as particles.

The Environmental Protection Agency (US EPA)
has identified six pollutants as “criteria” air
pollutants having the clearest relation to the
environment quality degradation and human health
threats. These six pollutants are carbon monoxide,
lead, nitrogen oxides, ground-level ozone, particle
pollution (often referred to as particulate matter),
and sulfur oxides.

They are also the most typical pollutants of urban
areas, responsible for the increased disease burden
of industrial cities around the world. Most of the
countries of the world have developed and
implemented human health-based and/or
environmentally based criteria (science-based
guidelines) for setting permissible levels for these
substances.

At the same time traffic and related sources of
pollution are among the top polluters, responsible
for growing morbidity among residents of cities
without heavy industrial pressure, even those located
in recreational areas.

Moreover, many urban territories have no
dominant source of air pollution and it is rather a
complex of factors, which has shaped the final air
quality status. For such cases there is a need to
conduct analysis of the interactions between the
population health and specific air pollutants via math
methods. Having established the most probable
interactions it is possible to develop and implement
the actions for the efficient reduction of morbidity
by control and reduction of air pollution levels with
specific pollutants.
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Analysis of previous research

There are two main types of air pollution:
ambient air pollution (outdoor pollution) and
household (or indoor) air pollution. Indoor pollution
refers to pollution generated by burning gas,
evaporation from construction and decorative
materials, cleaning agent in poorly ventilated spaces.
Both indoor and outdoor air pollution can contribute
to each other, as air moves from inside buildings to
the outside, and vice versa [1]. They can both
contribute the same pollutants, thus, the common
sources of CO in urban areas are cigarette smoke
and vehicle exhaust [2]. Several factors can affect
outdoor air quality including climate change,
topography, weather conditions, exposure to
pollution etc. It has been established that climate
change  influences outdoor air  pollutant
concentrations in many ways like temperatures,
cloudiness, humidity, frequency and intensity of
precipitation, and wind patterns [3]. Some air
pollutants such as ozone, sulfates, and black carbon
in turn contribute to changes in the global and local
climate [4].

The sources and pathways of criteria pollutants in
urban environments are currently well studied, in
particular, by D. Satterthwaite, L. Schell and
M. Denham, F. Hiilsmann et al., E. Van Bueren,
F. Atash, A. Cattaneo et al., M. Loh et al.,
S. Sonwani and P. Saxena.

However, the research works aimed at the
determination of their human health impacts need
more sophisticated work with high level of results
reliability.

Nevertheless, it has been demonstrated, that both
non-specific and specific health effects are
conditioned by air pollution of urban air.

Nonspecific effects of pollutants on human
health include respiratory diseases, asthma, chronic
obstructive pulmonary disease, pneumonia, etc.
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Specific effects of air pollution can be
carcinogenic, mutagenic and teratogenic.

Although carbon monoxide levels are relatively
low in urban environment, data from the APHEA-2
project (Air Pollution and Health: A European
Approach) studying the relation between air
pollution and total cardiovascular mortality in 19
European cities, reported a significant association of
carbon monoxide with cardiovascular mortality [5].
Carbon monoxide at low concentration, as found in
urban environment, has also been correlated with
hospital admissions, mortality and morbidity related
to cardiovascular dysfunctions [6].

Air pollution is also mentioned among the
common environmental factors that contribute to
cancer in line with tobacco, diet and obesity,
infections, radiation, and sedentary lifestyle [7].
About 10-15% cases of lung cancers are often
caused by a combination of genetic factors and
exposure to radon gas, asbestos, second-hand smoke,
or other forms of air pollution [8]. There is growing
epidemiologic evidence for adverse effects on the
fetus and newborn from maternal prenatal exposure
to ambient air pollution [9]. Air pollutants such as
carbon monoxide, sulfur dioxide, and particulate
matter have been associated with increased infant
mortality, particularly post neonatal respiratory
mortality, low birth weight, and preterm birth [10].

Air pollution also has adverse effect on the
economy of the world. According to a joint study by
the World Bank and the Institute for Health Metrics
and Evaluation (IHME) at the University of
Washington, Air pollution costs the world economy
$5 trillion per year as a result of productivity losses
and degraded quality of life [11]. In China, Xiaoping
et.al,, discovered that the total health damages due to
year 2000 anthropogenic  emissions from
Zaozhuang, using the “willingness-to-pay” metric,
was equivalent to 10% of Zaozhuang's GDP [12].
The impact of the traffic related air pollution is
known to be responsible for considerable additional
morbidity, as it is shown by Kiinzli et.al., that air
pollution caused 6 % of total mortality in some
European countries and about half of that was
attributed to motorized traffic [13]. Similarly, in
2014, Jakubiak-Lasocka et.al., studied the impact of
traffic related air pollution on health in Poland and
indicated that about 827 Warsaw citizens die a year
as a result of traffic-related air pollution, about 566
and 250 hospital admissions due to cardiovascular
and respiratory diseases, more than 128,453
restricted activity days are attributed to the traffic
emissions and from the social perspective, these
losses generate the cost of 1,604 million PLN
(1 EUR-approx. 4.2 PLN) [1].

Air pollution can also have distant long term
effects, taking several years before manifesting
health challenges, for example, children exposed to
air pollution may not develop ailments related to air
pollution until they’re older. A study examining
predictors of respiratory health in adulthood by
Barakat-Haddad et.al., confirmed that 29 % of adults
exposed to air pollution in yearly agehad at least one
respiratory condition and 24% demonstrated
persistent respiratory symptoms [14].

For Ukraine the studies of air pollution related
health disorders are not very common, and are
mostly limited to the analysis of general levels of
morbidity and possible environmental reasons, like
those done by Tarasova et al. Shushpanov D.,
Buchavyy Yu., and consideration of emissions
sources to the potential health risks in cities (Batluck
V. and Azarsky K., Malysheva V., Gutarevych Yu.).
More detailed study by Popov et.al. demonstrated,
that air pollution exceeding the maximum
permissible concentration in the summer months of
2017 in Kyiv contributed to the increasing morbidity
rate in Kiev by 20-30 % with the worst situation
observed in the northwestern part of the city [15].
However, regional based research works are mostly
attributed to major cities, like Kyiv and Kharkiv, but
lacks attention to smaller urban settlements still
having considerable levels of air pollution.

Problem statement

Ivano-Frankivsk is a city with significant
industrialand economic potential. The great
prospects of the city are connected with the
proximity of the Carpathians as a unique region of
tourism and recreation. The Ivano-Frankivsk region
is generally considered relatively unpolluted due to
its close proximity to recreational and natural
protected area of the Carpathians. The most serious
environmental concerns and health threats are
mostly attributed to the Kalush industrial area [16].
At the same time, the city is characterized by
increased integrated indicator of anthropogenic
pressure on the environment.

The air pollution at the territory of Ivano-
Frankivsk is conditioned by the intensive traffic,
both roadway and railway, especially in the center
and heavy industrial enterprises, in particular,
cement plant, machine building and electronic
equipment. Additionally, the territory of the city is
exposed to pollution transported from the refining
and mining industries located at the adjoined areas.
The historical part of the city, as well as densely
built residential districts are poorly aerated and that
contributes to pollution accumulation and retention.
However, there has been no research to measure the
impact of this pollution on human health.

© Radomska M. M., Oyewole G. T., 2021



172

HaykoemHi TexHonorii Ne 2(50), 2021

The aim of the given research is to perform the
analysis of correlation/dependence between the air
pollution composition and morbidity in the city with
mixed air pollution, coming from heterogeneous
sources on the example of Ivano-Frankivsk.

Tasks are:

— to study the evidence-based data on the
relationships between air pollution and health
disorders among population of cities;

— to characterize the possible sources of
anthropogenic pressure on the environment of
Ivano-Frankivsk;

— to define the degree of relationship (if it
exists) between the pollutants and the residents’
health;

— to make recommendations for policy makers
based on findings of this research.

Methods and materials

Linear Regressionis a statistical method for
expressing the relationship between variables. The
dependent variable is a function of the slope and
intercept between it (dependent) and independent
variables. This study seeksto establish the extent of
relationship between the dependent and independent
variables. The relationship is thus expressed in terms
of the value of the intercept, slope (m), and the value
of the Spearman Coefficient. R studio software was
used to code and design the graphs and generate
statistical results.

Correlation Coefficients were computed to
examine the relationship amongst pollutants and
between pollutants and diseases. To investigate
relationships between pollutants and diseases, the

Pearson’s coefficient was used as a tool for
regression analysis.

Multi-Linear Regression Analysis is important to
know the relationship between the dependent
variables like Morbidity and the other independent
variables (Population, Industrial pressure, etc.).

A multi-linear regression model is generated only
when all or some of the independent variables show
significant relationship with the dependent variables
(morbidity and cancer cases). This relationship is
then rated by the p-values, R and multiple R-squared
values of each independent variable as it relates to
the dependent variables.

The dependent variables used in the analysis
were the incidence of cancer and children morbidity,
mainly because children have their immune system
still developing and therefore making them
vulnerable and sensitive to environmental changes
and pollution. According to the World Health
Organization, worldwide, up to 14 % of children
aged 5-18 years have asthma relating to factors
including air pollution. Every year 543,000 children
younger than 5 years die of respiratory disease
linked to air pollution [14].

The data on morbidity were obtained from the
department of medical statistics of the Municipal
Non-Profit Medical Enterprise and attributed to the
demographic characteristics of urban districts. For
the purpose of the analysis the territory of the city
was divided into 6 districts, based on the city layout
and medical attribution of the areas to certain
medical establishments. Additionally the data on the
level of industrial pressure by districts were
collected and averaged for urban districts (Table 1).

Table 1
Initial data for the analysis
Ut Gocidencoper 1000 | Gnedeneeper 1000 | Number of
children) children)

Railway 1234 5.8 3 30733
Cascade 1167 4.5 2 51417

South 1389 6.5 3 68633
Old city 984 3.8 1 31583

Apiary 1121 4.8 2 53200
Central 1013 4.3 1 19317

*Note: the number of population by districts also accounts the residents of adjoining villages with only administrative separation

from the urban area.

The level of industrial pressure was determined
based on the number of functioning industrial
facilities within the territory of each district and
intensity of traffic. The circulation of air under the
influence of hydrological network and relief of the

© Radomska M. M., Oyewole G. T., 2021

city, as well as the distribution of green plantations
were also accounted in the evaluation of industrial
pressure.

Thus, it was ranked 1 to 3, where 1 is the lowest
and 3 is the highest level.
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The independent variables of the study are the
level of industrial pressure and level of air pollution
with a range of common pollutants: CO, PM10, Pb
and Phenol (Table 2).

The concentration of pollutants was defined
using the data of the State Environment Monitoring
system at the territory of the city at 29 points. The
obtained data were average values of the
concentration during 2018-early 2020 and they were
recalculated into mean values for each urban district.
Further analysis was performed with the integral air
quality characteristics — the complex index of
atmosphere pollution (IAP).

It is presently the most widespread and
recommended methodical approach to the
assessment of air condition in Ukraine. IAP is
defined as the sum of ratio of the air concentration to
MPC, accounting the toxicity of substance as
compared to SO,.

Results and discussions

Using the data about the pollution of air within
the city of Ivano-Frankivsk, the averaged values of
IAP were calculated (Table 3) and the map of air
pollution intensity was built to demonstrate the
spatial distribution of pollution (see figure).

Table 2
Hygienic parameter of pollutants
Parameters | CO, mg/m’ | PM10, mg/m’ Pb, mg/m’ | Phenol, mg/m’
MPC 5 0.5 0.001 0.01
Hazard class 4 3 1 2
Effect index 0.86 1 2.4 1.3
Table 3
Air pollution by districts
District Mean IAP Level of pollution
Railway 4.82 slightly polluted
Central 3.9 slightly polluted
Cascade 3.19 slightly polluted
Old city 2.9 slightly polluted
Apiary 3.72 slightly polluted
South 3.12 slightly polluted
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Distribution of air pollution levels (IAP) at the territory of the city

The analysis of spatial distribution of air
pollution shows that the urban district with the
highest level of pollution is the Railway district, and
the highest contribution to pollution is made by lead
and PM10, the Apiary district follows the Railway
district with PM10 also as the most important

pollutant. The Old city district has the lowest level
of pollution; however, the air quality in all the
districts is ranked as slightly polluted.

In terms of individual pollutants, it can be
concluded that carbon monoxide’s concentration
was steadily lower compared to other pollutants.
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PM10 and lead had consistently high concentration
among the pollutants while phenol’s concentration
alternated between high and low.

The results of data processing showed positive
correlation for carbon monoxide when it was plotted
against health data (morbidity (R = 0.8) and cancer
cases (R = 0.85). Another pollutant that showed a
positive correlation with health data is PMI10
(R= 0.68 for cancer cases and R = 0.77 for
morbidity).

Pb showed no dependence on the health data
(R =-0.56) when plotted against children morbidity
and (R = —0.42) when plotted against cancer cases.
Phenol also showed no dependence on the health
data (R = —0.42) when plotted against children
morbidity and (R =—0.39) when plotted against data
cancer cases.

Additionally, correlation analysis was carried out
between IAP average by district with cancer cases
and morbidity and the results showed no dependence
(R = 0.16 for morbidity) and (R = 0.10 for cancer
cases).

Also, correlation analysis was carried out
between industrial pressure average with cancer
cases and morbidity and the result showed a positive
correlation with both cancer cases and morbidity
(R = 0.67 for morbidity) and (R = 0.64 for cancer
cases) (Table 4).

Industrial pressure, PM10 and Carbon monoxide
showed a positive correlation with cancer cases and
morbidity which can mean that they influence the
health of the population, while they may not be the
primary cause of morbidity in Ivano-Frankivsk, they
can be part of the contributing factors.

Table 4
The statistical relationship between pollutants and health indicators
Morbidity Cancer Cases
Slope Intercept R R Squared Slope Intercept R R Squared

CO 0.0003 0.066 0.800 0.55 0.05 0.198 0.847 0.64
PM10 0.000351 0.47 0.77 0.50 0.045 0.65 0.68 0.32
Pb —0.00034 1.53 —0.56 —0.31 —0.038 1.33 —0.422 —0.178
Phenol —0.00060 1.54 —0.42 —0.177 —0.084 1.26 —0.39 —0.15
IAP —0.02 4.605 0.16 0.02 -3.87 4.14 0.10 0.01
Industrial —0.02 4.6 0.67 0.445 -3.88 4.15 0.64 0.43
Pressure

Recommendations relationship between air pollutants and ailments. The

« The air quality monitoring should be results are formulated as follows:

strengthened and expanded both in terms of
pollutants and number of posts.

* Relevant air quality and health data should be
made available for analysis purposes and public
awareness.

* The population should be aware about air
pollution, the risks and health impacts and emphasis
must be made on indoor air quality regulation in
homes and offices to minimize the level of
pollutants they are exposed to daily.

* The results of analysis show that the most
probable source of air pollution in the city of Ivano-
Frankivsk is transport and its infrastructure, thus
there is an urgent need to optimize the road
infrastructure and strengthen the control over the
technical condition of vehicles to reduce their health
footprint.

* Pollutants that showed no dependence should
be analyzed against different diseases to discover
possible relationships.

CONCLUSIONS

Air pollution is able to cause human health
effects of various severity. This study analyzed the

© Radomska M. M., Oyewole G. T., 2021

1) The impacts of air pollution on human health
are proved and studied in a variety of research
works. The intensity of air pollution seems to be one
of the major factors reducing quality of life at urban
areas around the world independent from the level of
economic development. The exact interaction
between specific air pollution at any given city and
population’s morbidity is of high importance for the
reduction of human health risks and prevention of
disease burden growth.

2) Ivano-Frankivsk is a city with well developed
infrastructure; it is densely populated and faces a
range of environmental problems due to excessive
traffic and industrial pressure. The major issues are
air pollution and poor waste management.

3) The level of pollution in Ivano-Frankivsk was
evaluated in integrated form by the air quality index.
It has showed that most of the territory is slightly
polluted, while the central part of the city affected
by the most intensive traffic and railway station has
rather elevated pollution levels. The data about the
concentration of pollutants showed the most
contribution is done by PM10 and lead. It also
showed the OIld city district is the leas polluted.
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Carbon monoxide concentration was relatively low
in all districts

4) To determine the relationship between air
pollutants and ailments, regression analysis was
carried out. The results showed a positive correlation
between industrial pressure, PM10 and carbon
monoxide with morbidity and cancer cases, thus, it
can be concluded that even the lowest concentration
of pollutants in air are still harmful to humans. Thus,
there is a need for substance specific analysis to
improve the efficiency of air quality control and
diseases prevention.

5) The need for dust and CO pollution
monitoring and reduction were given. Additionally,
the interaction between phenol and lead and other
diseases should be studied, as it showed no
dependence on morbidity in the given research. The
reduction of carbon footprint in the city of Ivano-
Frankivsk, availability of air quality and health data
for more analysis and rising general awareness of
the public about the impacts of air pollution are the
necessary conditions for the improvement of the
situation.
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Pagomcbka M. M., Oeone I'. T.
AHAJII3 NOBITPSIHUX ®AKTOPIB 3AXBOPIOBAHHS HACEJIEHHSI M. IBAHO-
®PAHKIBCBKA

Akicme nogimpsi 8 Micmax npooosxiCcye no2ipuly8amucs yepes 30LbueH s KIIbKOCmi 3a0pyOHIOIUUX PeHOSUH, WO
BUKTIUKAIOMb PA0 3a2p03 OJis 300p08 51 I0OUHU. AHAni3 pe3yibmamis 00CHioNceHb 00800UMb, WO ICHYE MICHULL 38 30K
Midic 3a0pYOHEHHAM ROBIMPS [ 3DOCMAHHAM YUCLA HECNeYUDIUHUX PeCnipamopHux 3ax60P06atb, aiepaii, 3axX60Pr6aAHb
JIe2eHi8 I KAHYEePOSeHHUX Npoyecie ceped MICbKo2o HacelenHs. Bionoeioni docniddcenns npoeoounucs Ons mMicm no
8CbOMY c8Imy, ane 8 YKpaini iocymui ananimuyui OaHi Npo 3aX80pPIOBAHHSA, 00YMOGIEHUX 3a0pYOHEHHAM nosimps. 3
yiei npuuunu memoio OocniodcenHss 0y aHAN3 CMAMUCMUYHUX OAHUX NPO Oumsyol 3axeoproeanocmi ma
3aX60PIOGAHOCME HA pAK Olsl GCHIAHOGIEHHSI IX 3ANENHCHOCMI 610 PIGHL KOHYEHMPAyii 3a6pyOHIOIOUUX PedOSUH &
ammocghepromy nosimpi na npuxnadi m. leano-@pankiscvka. Micmo posmawosane 6 6e3nocepeoniti 6auzbKocmi 6i0
Kapnamcokozo peziony, 0ns axk020 XapakmepHuil HU3LKULL pPi6eHb AHMPONOSEHHO20 NEPEemEOPEHHs, aje MAE psio
ooicepen 3aOpyOHeHHsT NPOMUCI06020 | mpanchopmuo2o muny. Kpim mozo, mepumopis 3a3nac mpanckopOOHHO20
BNIUGY NOMYNICHUX NPOMUCTOBUX KOMNIEKCIE 3 NPUNe2uX GHYMPIWHIX | 3apybixcHux mepumopiu. Ananiz 0ye
30cepeaicenutl Ha NAUGI Ha 300P08 sk YOMUPLOX 3a0PYOHIOIOUUX PEYOsUH: OKcuUdy 8yereyto, ceunyro, genony i PMI10.
Konyenmpayii 3a0pyonioouux peuosuH, a maxkoxc OaHi npo cman 300po8’s 6 micmi Oyau 63ami 3 o@iyitiHol
CMAamucmuKu MeOU4H020 Ma eKoa02i4H020 MOHIMOPUH2Y. 3azanbha AKICMb NOGIMPs OYIHIOBANAC WTIAXOM PO3PAXYHKY
IHMe2panbHO20 NOKA3HUKA sSKOCmi nosimpsi 3a  Oepycaghumu cmanoapmamu. Ilomim  iHOekc 3a0pyOHeHHs
ammocgeprozo nosimps i MeOuuHi 0ani 6ynu 32pynosani 6i0N0GIOHO 00 Medc MeduyHux okpyeie. Kpim moeo, pisenv
NPOMUCIOB020 HABAHMAICEHHSL 6 KOJCHOMY PAUOHI OVI0 GU3HAYEHO KIMbKICHO 3 GUKOPUCMAHHAM DeUumuH2080i
cucmemu. Pezpecitinutl  ananiz 6UKOPUCMOBYBABCs Ol GU3HAYEHHS 63AEMO36 3Ky MIJIC 3a0pyoHIogayamu ma
xgopobamu. [Ipocmoposuii po3nodin 3a6pyOHeHHs c8i0UUMb NPO me, WO NOSIMps y MiCMi 8 0CHOBHOMY 3a0pyOHeHe
PM10, ane xapaxmepu3syemocsa He3HAUHUM 3A0PYOHEHHAM THUWUMU KOMNOHEHMAMUY, HAUOiIbW 3a0pyOHeHi pationu —
3anisnuunui i Iaciuna. Pe3ynemamu pezpecitinoco ananizy noxkasyromos 63aemo3ss 30k konyenmpayiti CO i PM10 3
oanumu npo cmaw 300pos s 6 leano-Dpanxiecvky. /st NONINUIEHHSI CMARY 300P08 51 HACENeH sl HeOOXIOHO dOKIa0amu
3YCUNISL 00 3HUIICEHHS BUKUOIG 3aOPYOHIOIOUUX PEYOBUH, WO MAIOMb HAUOLIbULY KOPEayilo 3 piGHeM 3aX80PIOBAHOCHI.
Pexomenoayii wjo0o nodanvuiux opeanizayiiHux ma iHGOPMAyiiHUX 3axX00i6 0AHO CNEYialbHO OJisl O0CHIONCYBAHO20
micma.

Knto4yoBi cnoBa: BnnuB Ha 300pOB’s; SAKICTb MOBITPS; perpecinHvmn aHania; 3abpyaHtosaui.

Radomska M. M., Oyewole G. T.
ANALYSIS OF AIRBORNE FACTORS OF IVANO-FRANKIVSK POPULATION MORBIDITY

Air quality in urban areas continues to deteriorate due to increasing number of pollutants, causing a range of
threats for human health. The analysis of research results prove that there is a strong connection between the air
pollution and growing incidence of non-specific respiratory disorders, allergies, lung diseases and carcinogenic
process among urban population. The corresponding studies have been performed for cities around the world, but in
Ukraine there is a lack of analytical data about the diseases conditioned by air pollution. For this reason the research
was aimed at analysis of statistical data about children morbidity and cancer incidence to establish their dependence
on the level of air pollutants concentration on the example of the city of Ivano-Frankivsk, which is located in close
proximity to the Carpathian protected area, but has a range of pollution sources of industrial and transport type.
Additionally the area is exposed to the trans boundary effects of powerful industrial complexes in neighboring domestic
and foreign territories. The analysis was focused on the health impacts of four pollutants in the city of Ivano-Frankivsk:
Carbon monoxide, Lead, Phenol and PM10. The pollutants concentrations as well as the health data of the city were
taken from official medical and environmental monitoring statistics. The general air quality was evaluated by
computing the integral index of air quality according to the state standards. Afterwards index of air pollution and
medical data were grouped according to the medical districts delineation. Additionally the level of industrial pressure
at each district was quantified using rating system. The regression analysis was used to determine the relationship
between the pollutants and illnesses. The spatial distribution of pollution suggests that the city is mainly polluted with
PM10 while being slightly polluted with the other pollutants; the most polluted areas are Railway and Pasichna.
Results of the regression analysis show the relationship between carbon monoxide and PM10 with the health data for
Ivano-Frankivsk. For the improvement of the population health status it is necessary to invest efforts in the reduction of
emissions of the pollutants having highest correlation with morbidity levels. The recommendations for further
organizational and information solutions were given specifically for the city under study.
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