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REGRESSION DEPENDENCE OF THE INCIDENCE OF RESPIRATORY 

CANCER OF THE POPULATION OF KYIV AS A RESULT OF AIR 

POLLUTION WITH BENZOPYRENE  

Rapid improvement of modern industrial technologies and automobile transport led to important 

qualitative and quantitative changes in the composition and volumes of harmful emissions into the 

atmosphere. Impact of a number of harmful anthropogenic factors, including carcinogens, in particular, 

benzopyrene may cause the development of oncologic diseases. Determination of the regression dependence 

of the respiratory cancer incidence rate on the pollution of the atmospheric air with benzopyrene is relevant 

scientific-technical problem. Objective of the given research is determination of the regression dependence 

of the respiratory cancer incidence rate of the population on the pollution of the atmospheric air with 

benzopyrene, it can be used for the prediction of the incidence rate of the disease. In the process of the 

research method of regression analysis of the results of single-factor experiments and other paired 

dependences with the usage of the rational type of function from sixteen most widely-used variants by the 

criterion of maximum value of the correlation factor was used. Regression was performed on the base of 

linearized transformations, which enable to reduce non-linear dependence to linear one. Determination of 

the coefficients of the regression equations was carried out, applying the method of the least squares with the 

help of the developed computer program "RegAnaliz", protected by the Certificate of state registration of the 

right to the copyright object. Adequate regression hyperbolic dependence of the respiratory cancer incidence 

rate of the population on the pollution of the atmospheric air with benzopyrene was obtained, it can be used 

for the prediction of such incidence rate. Graphic interpretation of the dependence of respiratory cancer 

incidence rate of the population on the pollution of the atmospheric air with benzopyrene was constructed, 

which enables to illustrate this dependence and show the sufficient coincidence of theoretical results with 

actual. 
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Introduction 

Rapid improvement of modern industrial technologies and automobile transport led to important 

qualitative and quantitative changes in the composition and volumes of harmful emissions into the 

atmosphere. This exercises constant impact on human as a result of a number of harmful 

anthropogenic factors, including carcinogens, that may cause the development of oncologic diseases 

[1]. Most important factor is presence of carcinogens of the class of polycyclic aromatic 

hydrocarbon, in particular, their main representative – benzopyrene. This substance, that has the 

property of being carcinogen of the local action under the inhalation effect, promotes the 

development of the malignant formations, mainly in respiratory system. According to the 

conclusions of the experts of International cancer agency, oncopathology is one of the indicators of 

ecological ill-being of the territory: chemical carcinogenic factors of the environment, mode of life 

and production condition the stipulate the development of almost 80 % of all malignant formations 

[2]. 

Problem set-up 

According to the Resolution of the Cabinet of Ministers of Ukraine № 303 as a result of changes 

in national legislation and legislation of European Union regarding the limitation of the content of 

the pollutants in the exhaust gases and impact of physical factors of the mobile sources of 

atmospheric air pollution [3] revision of the standards of polluting substances content in 

atmospheric air is provided. In accordance with the classification of the International agency for 
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research on cancer benzopyrene is considered as human carcinogen [4]. Presence of this substance 

in atmospheric air is considered by the specialists as one of the key indices of aerogenic 

carcinogenic loading on human. That is why, determination of regression dependence of population 

respiratory cancer incidence rate as a result of atmospheric air pollution with benzopyrene, which 

can be used for the prediction of such incidence, is relevant scientific-technical problem.  

Analysis of the recent research and publications 

In the materials of the paper [5] stable, long-lasting pollution of the atmospheric air of the 

populated areas by the carcinogens of the priority classes: polycyclic aromatic hydrocarboncs 

(benzopyrene), nitrosamines (nitosodimethylamine and nitrosodiethylamine), heavy metals 

(cadmium, chromium, nickel, lead [6]), formaldehyde is established. 

The study [7] contains single-factor mathematic models of concentrations for each separate from 

the priority substances in the filtrate of the landfills of SMW. In the research [8] improved 

mathematical model of polluting substances concentration in the filtrate of SMW landfills has been 

obtained, it can be used for the development of the strategy, complex of machines and equipment 

for solid municipal waste management.  

Logarithmic regression dependences of the specific energy consumption for cleaning the soils of 

solid municipal waste landfills as a result of the pollution with heavy metals on decreasing the 

concentration of cadmium, lead and zink are determined , they are used for the construction of 

mathematical model of specific energy consumption for cleaning the soil of the landfills from heavy 

metals pollution [9]. In the paper [10] the improved mathematical model of specific energy 

consumption for cleaning the soil of solid municipal waste landfills from heavy metals pollution is 

suggested, it can be used for the development of strategy, complex of machines and equipment for 

solid municipal waste management. Logarithmic regression dependences of specific energy 

consumption for soils of solid municipal waste landfills cleaning from the pollution of heavy metals 

on the concentration of cobalt, cooper, nickel, chromium, vanadium, manganese are determined , 

they enable to evaluate energy consumption for cleaning the polluted soils from these substances.  

It is noted in the paper [11] that the most toxic substance (among the polluting substances of the 

first hazard class) is the representative of the class of polycyclic aromatic hydrocarbons – 

benzopyrene, which in nano-quantity enables to exercise carcinogenic, mutagenic and other 

negative impacts on living organisms. 

Author of the study [12] suggested the technique of engineering calculations which can be used 

during practical class «Study of the environmental pollution by solid municipal waste and 

calculation of the parameters of machines and equipment, needed for minimization of negative 

impact on the environment» on the subject of life safety, it will deepen knowledge of future 

specialists in the field of the environmental protection.  

Prospects of using radio electronic devices for measuring the parameters of the environmental 

pollution are considered in the research [13], paper[14] contains functional diagram of the system of 

gas analysis for the control of the pollution of atmospheric air, its program realization is performed  

Materials of the study [15] present the data, regarding the concentrations of benzopyrene in the 

soils of Mykolaiv landfill of solid municipal waste (village Velyka Korenykha, Mykolaiv region), 

obtained, using the method of high efficient liquid chromatography. In paper [16] the method of 

regression analysis for the determination of the regression hyperbolic dependence of benzopyrene 

concentration in the soils of the landfill of solid municipal waste on the depth of measuring is used, by 

means of this dependence it was determined, that the dangerous depth of chemical pollution with 

benzopyrene of the soils of solid municipal waste landfill is 152 mm.  

The study [1] contains the respiratory cancer incidence rate of the population of Kyiv for various 

values of benzopyrene concentration in atmospheric air. 

Objective and task of the paper 

Objective of the paper is determination of the regression dependence of the respiratory 
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cancer incidence rate on atmospheric air pollution with benzopyrene, the dependence can be used for 

the prediction of incidence rate. 

Methods and materials  

For the determination of regression dependence of respiratory cancer incidence rate on 

atmospheric air pollution with benzopyrene the following methods were used: regression analysis of 

the result of single-factor experiments and other paired dependences, computer modeling. 

Results of research 

Table 1 presents the respiratory cancer incidence rate of the population of Kyiv for various 

values of benzopyrene concentration in atmospheric air [1]. On the base of the data of Table 1 it 

was planned to obtain paired regression dependence of respiratory cancer incidence rate on the 

pollution of the atmospheric air with benzopyrene. 

Table 1 

Concentration of benzopyrene in the soils of SMW landfill [1] 

Concentration of benzopyrene C20H12 in 

atmospheric air, ng/m
3 1.99 2.65 2.82 3.00 3.09 

  
3.18 

Respiratory cancer incidence per 100 thous of 

population 
24.5 28.5 34.4 26.5 26.2 

 
35.7 

Concentration of benzopyrene C20H12 in 

atmospheric air, ng/m
3 3.57 3.79 3.97 4.10 4.81 

 
 

Respiratory cancer incidence per 100 thous of 

population 
30.8 31.6 31.8 37.7 38.1 

 
 

 

Regression was performed on the base of linearized transformations, which enable to reduce 

non-linear dependence into linear one. Determination of the coefficients of regression equations 

was carried out, using the method of least squares [17] by means of the developed program 

"RegAnaliz" [18], protected by the Certificate of state registration of the right for copyright object 

,described in the paper [19]. 

Program "RegAnaliz" enables to perform the regression analysis of the results of single-factor 

experiments and other paired dependences with the selection of the rational type of function from 

sixteen most widely used variants, by the criterion of maximum coefficient of correlation, results 

are stored in the format MS Excel and Bitmap.  

Results of the regression analysis are presented in the Table 2, grey color indicates the cell with 

maximum value of the correlation coefficient R. 

By the results of regression analysis, on the base of the data from Table 1, the following 

regression dependence is finally accepted as the most adequate: 

 
BP

BP
RC

C

C
П

0,016940,04961


 [cases per 100 thous of population.], (1) 

where ПRC – is respiratory cancer incidence, cases per 100 thousand of population; CBP – 

concentration of benzopyrene C20H12 in atmospheric air, ng/m
3
. 
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Table 2 

Results of regression analysis of the dependence of respiratory cancer incidence rate of the population on the 

pollution of atmospheric air with benzopyrene  

№ 
Type of 

regression 
Correlation coefficient R № 

Type of 

regression 
Correlation coefficient R 

1 y = a + bx 0.73041 9 y = ax
b
 0.73349 

2 y = 1 / (a + bx) 0.73504 10 y = a + b·lg x 0.72412 

3 y = a + b / x 0.70527 11 y = a + b·ln x 0.72412 

4 y = x / (a + bx) 0.78037 12 y = a / (b + x) 0.73504 

5 y = ab
x
 0.73327 13 y = ax / (b + x) 0.73572 

6 y = ae
bx

 0.73327 14 y = ae
b / x

 0.72088 

7 y = a ·10
bx

 0.73327 15 y = a ·10
b / x

 0.72088 

8 y = 1 / (a + be
-x

) 0.71440 16 y = a + bx
n
 0.72544 

 

Fig. 1 shows actual and theoretical graphic dependence of respiratory cancer incidence on the 

pollution of atmospheric air with benzopyrene.  

 

 
Fig. 1. Change of respiratory cancer incidence rate on the pollution of atmospheric air with benzopyrene  

 

Comparison of actual and theoretical data showed that theoretical incidence of respiratory cancer 

incidence of the population on the pollution of atmospheric air with benzopyrene, calculated by 

means of regression equation (1), does not differ greatly from the data, presented in the paper [1], 

this proves the sufficient accuracy of the obtained dependence. 

Conclusions 

1. Regression dependence of the respiratory cancer incidence rate on the pollution of 

atmospheric air with benzopyrene is determined, it can be used for the prediction of the incidence 

rate of the disease. 

2. Graphic dependence of respiratory cancer incidence rate of the population on the pollution of 

the atmospheric air with benzopyrene is constructed, it can illustrate this dependence and show the 

sufficient coincidence of theoretical results with actual. 

3. It is established that the prevalence of the respiratory cancer incidence grows with the increase 

of benzopyrene concentration in atmospheric air according to hyperbolic dependence. 



RESEARCH RESULTS APPLICATION 

Scientific Works of VNTU, 2024, № 1 5 

REFERENCES 

1. Chernychenko І. О. Characteristic features of benzopyrene impact manifestation on oncologic diseases of 

respiratory organs / І. О. Chernychenko, О. М. Lytvychenko // Environment and health. – 2009. – № 4 (51). –  

P. 22 – 25. (Ukr).  

2. Steward B. W. World cancer report / B. W. Steward, P. Kleinhnes (ed). – Lyon : JARC Press, 2003. – 351 p. 

3. Cabinet of Ministers of Ukraine. Resolution № 303 “On approval of the Order of development and approval of 

the norms of the pollutants content in the exhaust gases and impact of physical factors of the mobile sources of 

atmospheric air pollution” [Electronic resource] March 13, 2002. Access mode : 

https://zakon.rada.gov.ua/laws/show/303-2002-%D0%BF#Text. (Ukr). 

4. GN 1.1.2.123-2006. List of substances, products, technological processes, living conditions and natural factors, 

carcinogenic for humans. – К. : Ministry of Health of Ukraine, 2006. – 17 p. (Ukr). 

5. Scientific substantiation of the methodical approaches and principles for the determination of the contribution of 

carcinogenic substances of the air environment to the formation of oncologic incidence / І. О. Chernychenko,  

О. М. Lytvychenko, L. S. Sovertkova [et al.] // Actual issues of the environment protection and health of the population 

of Ukraine : collective monograph. – Kyiv : National Academy of Medical Sciences of Ukraine, 2017. – P. 37 – 71. 

(Ukr). 

6. Voitsekhivska О. V. Accumulation of lead in various parts of wheat plant, depending on the intensity of pollution 

/ О. V. Voitsekhivska, V. І. Voitsekhivskyi // Scientific fundamentals of innovation products creation : Materials of the 

International scientific-practical conference, March 28, 2017, set. Selektsiyne, Kharkiv Region. – Institute of Vegetable 

and Melon Growing of National Academy of Agricultural Sciences : Plejada, 2017. – P. 20 – 24. (Ukr). 

7. The principal directions of using information technologies in the sphere of management movement MSW / 

Y. Vaisman, Yu. Kulicova, O. Tagilova [et al.] // PNRPU Bulletin. Urban development. – 2013. – № 1 (9). –  

P. 147 – 164. 

8. Bereziuk О. V. Improvement of mathematical model of the pollutants concentration in the filtrate of solid 

municipal waste landfill / О. V. Bereziuk // Bulletin of Vinnytsia Polytechnic Institute. – 2016. – № 4. – P. 28 – 31. 

(Ukr). 

9. Bereziuk О. V. Modeling of the specific energy consumption for cleaning the soil of solid municipal landfill from 

heavy metals pollution / О. V. Bereziuk // Public utlity of large cities. Series: human life safety – education, science, 

practice. – 2015. – № 1 (120). – P. 240 – 242. (Ukr). 

10. Bereziuk О. V. Improvement of mathematical model of specific energy consumption for cleaning the soil of 

solid municipal waste landfills from the heavy metals pollution / О. V. Bereziuk // Materials of the II
nd

 International 

scientific-practical conference «Ecological safety as the base for the sustainable development of the society. European 

experience and prospects ». – Lviv: Lviv State University of life safety 2015. – P. 185 – 187. (Ukr). 

11. Assessment of Changes in the Biological Activity of Mountainous Meadow-Steppe Soils under Pastures of 

Different Degradation Stages in the Central Caucasus / F. V. Gedgafova, O. N. Gorobtsova, T. S. Uligova [et al.] // 

Eurasian Soil Science. – 2023. – № 56 (6). – P. 830 - 839. 

12. Bereziuk О. V. Introduction of practical training «Study of the environment pollution with solid municipal waste 

and calculation of the parameters of machines and equipment for minimization of harmful impact on the environment» 

on the subject „Life Safety‟ / О. V. Bereziuk // Pedagogy of safety. – 2018. – № 1. – P. 29 – 36. – 

https://doi.org/10.31649/2524-1079-2018-3-1-029-036. (Ukr). 

13. Radioelectronic devices for measuring the parameters of the environmental pollution [Electronic resource] /  

О. V. Bereziuk, S. О. Tytarchuk // Electronic scientific edition of the materials of XLIII regional scientific-technical 

conference of teachers staff, employees and students of Vinnytsia National Technical University (VNTU). – 2014. – 

Access mode : http://conf.vntu.edu.ua/allvntu/2014/inmt/txt/Tytarchuk.pdf. (Ukr). 

14. System of gas analysis for the control of atmospheric air pollution [Electronic resource] / О. V. Bereziuk,  

І. А. Dudatiev, Yu. О. Mazur // Electronic scientific edition of the materials of XL regional scientific-technical 

conference of the teachers staff, employees and students of Vinnytsia National Technical University (VNTU). – 2011. – 

Access mode : http://conf.vntu.edu.ua/allvntu/2011/inmt/txt/dudatiev.pdf. (Ukr). 

15. Kulichkova А. О. Study of the filtrate on the landfill of solid municipal waste in the city of Mykolaiv /  

А. О. Kulichkova, L. М. Маrkina // Important problems of modern chemistry : Proceedings of the reports of the 

participants of IIІ All-Ukrainian scientific-practical conference. – Mykolaiv, 2019. – P. 143 – 146. (Ukr). 

16. Usage of regression analysis method for the determination of benzopyrene concentration in the soils of the 

landfills and refuse dumps of solid municipl waste [Electronic resource] / О. V. Bereziuk // Scientific Works of 

Vinnytsia National Technical University. – 2022. – № 1. – Access mode journal : 

https://works.vntu.edu.ua/index.php/works/article/view/605.  

17. Mykhalevych V. М. Mathematical systems of computer algebra as a tool for improvement the efficiency and 

quality of higher mathematics education process / V. М. Mykhalevych, О. І. Shevchuk, N. L. Buga // Collection of 

research papers. Modern information technologies and innovation techniques for training specialists: methodology, 

theory, experience, problems. – Kyiv-Vinnytsia : «Vinnytsia», 2007. – Issue 14. – P. 357 – 360. (Ukr). 

18. Bereziuk О. V. Computer program "Regressive analysis" ("RegAnaliz") / О. V. Bereziuk // Certificate of the 

State Registration of the Rights for the Copyright Object № 49486. – K. : State service of the intellectual property of 

Ukraine. – Date of registration: 03.06.2013. (Ukr). 

https://zakon.rada.gov.ua/laws/show/303-2002-%D0%BF#Text
https://doi.org/10.31649/2524-1079-2018-3-1-029-036
http://conf.vntu.edu.ua/allvntu/2014/inmt/txt/Tytarchuk.pdf
http://conf.vntu.edu.ua/allvntu/2011/inmt/txt/dudatiev.pdf


RESEARCH RESULTS APPLICATION 

Scientific Works of VNTU, 2024, № 1 6 

19. Bereziuk О. V. Determination of the regression of the compaction coefficient of municipal solid waste on the 

height of the landfill on the base of the computer program "RegAnaliz" / О. V. Bereziuk // Automated technologies and 

production processes. – 2015. – № 2 (8). – P. 43 – 45. (Ukr). 

 

Editorial office received the paper 02.02.2024. 

The paper was reviewed 27.02.2024. 

 

Bereziuk Oleh – Doctor of Science (Engineering), Associate Professor with the Department of Health and 

Safety, Pedagogy of Safety, e-mail: berezyukoleg@i.ua. 
Vinnytsia National Technical University. 

Hudzevych Ludmyla – Candidate of Science (Biology), Associate Professor, Associate Professor with the 

Department of Biology. 
Vinnytsia М. Kotsubynskyi State Pedagogical University. 

Khliestova Svitlana – Candidate of Pedagogical Sciences, Associate Professor, Associate Professor with 

the Department of Medical Biology. 

Klymchuk Iryna – Assistant with the Department of Medical Biology. 
Vinnytsia M. I. Pirogov National Medical University. 


