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Abstract. The total excess of components which pollute the atmospheric 

air of the city of Saratov has been increasing from May to October and is 

most evident for the locations of transport interchanges. The allocation of 

polluting components of atmospheric air corresponds to the distribution 

model of structural basin cities. The hazardous level of non-carcinogenic 

health risk caused by inhalation of substances polluting the atmospheric air 

of Saratov (HQ>1) is determined by the existence of nitrogen oxides, 

hydrogen sulfide, ammonia, and formaldehyde. Non-carcinogenic risk of 

hazard has a tendency to increase in the warm season – from May to July), 

as well as in the winter period (January-February). The carcinogenic health 

risk associated with the existence of formaldehyde in the air exceeds the 

upper limit of the permissible risk. The highest values of the carcinogenic 

risk match the monitoring points situated near motorways. This may be due 

to photochemical processes involving the results of incomplete fuel 

combustion in engines, in which formaldehyde is formed. The anticipated 

increase in respiratory morbidity due to chronic inhaled exposure to NO2 

in children aged 6-7 years ranges from 44 to 79 percent, while the grow-up 

rates are higher in girls. 

1 Introduction 
Today, air pollution is regarded as the main environmental cause of various diseases and 

premature mortality in the world. The content of pollutants in the air affects the body's 

resistance, becoming more vulnerable to pathogens of various origins. Nitrogen oxides, 

benz[a]pyrene, formaldehyde, hydroxybenzene and its derivatives, chlorine and its 

compounds, hydrogen fluoride, hydrogen sulfide, ammonia, dust, carbon monoxide and 

other compounds remain priority risk factors for public health [1]. 

In 2018, on the territory of the Russian Federation, the number of extra deaths from all 

causes related to air pollution in residential areas was 1.6 cases per 100 thousand of the 

population. The main part of these deaths was caused by respiratory diseases (1.8 %) and 
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malignant neoplasms (0.4%) due to exposure to pollutants containing in the atmospheric air

[1].

The study on the relative risks of major air pollutants for the development of respiratory 

and cardiovascular diseases, performed in Beijing from 2015 to 2017, revealed that the 

greatest damage to health is caused by PM10, PM2.5, and NO2 [2]. The ESCAPE 

(European Study of Colors for Air Pollution Effects) research revealed that air pollutants 

are the reason for lung cancer [3]. According to the meta-analysis, a positive correlation 

was found between the daily levels of priority air pollutants, such as PM10, PM2. 5, SO2, 

NO2, CO, and the incidence of pneumonia in children [4].

One of the most hazardous pollutants is nitrogen dioxide (NO2). Nitrogen dioxide and 

nitric oxide (NO) in the atmosphere occur together. Therefore, their combined impact on 

the human body is most often estimated. Nitrogen dioxide improves the resistance of the 

respiratory tract, reduces the content of hemoglobin in the blood, lowers the resistance to 

diseases, tissue hypoxia, and also enhances the effect of carcinogenic substances.

Long-term exposure to NO2 is recognized to be related to a higher risk of mortality 

from diseases of the cardiovascular and respiratory systems [5], in particular from COPD 

[6] and bronchial asthma (BA) [7].

Recently, there have been reports that PM2. 5, NO2, and to a lesser extent PM10 are 

triggers for the spread and mortality from the novel coronavirus infection COVID-19 [8], 

for example, the relationship between the level of nitrogen dioxide in the air and mortality 

from COVID-19 [9].

One of the controlled pollutants at air quality monitoring points is sulfur dioxide (SO2). 

The main impact of SO2 is on the respiratory system, both in chronic and acute exposure 

[10]. Combined exposure to PM10 and SO2 significantly enhances the chances of asthma 

in children in the first five years of life [11].

Hydrogen sulfide (H2S) is one of the most harmful gases with an unpleasant smell.

Chronic exposure to low concentrations of hydrogen sulfide results in the suppression of 

the sympathetic nervous system function [12], promotes disorders of the cardiovascular, 

respiratory, and digestive systems, as well as metabolic disorders [13].

Phenol contained in atmospheric air is a hazard factor for the development of chronic 

diseases of the respiratory system [14], the endocrine system [15]. It affects the 

reproductive function and leads to the development of metabolic syndrome [16].

Formaldehyde in the atmospheric air of low-lying cities is a product of photo-oxidation 

of hydrocarbons produced as a result of incomplete fuel combustion, and a typical 

component of smog in low-lying cities. Owing to its high reactive chemical activity, 

formaldehyde is capable of changing the course and intensity of metabolic processes, 

causing damage to DNA and protein molecules in human cells [17], having mutagenic, 

carcinogenic, teratogenic, general toxic, sensitizing and allergenic effects [18]. It is 

revealed that the content of formaldehyde in the atmospheric air relates to the development 

frequency of the bronchial asthma [19]. 

Therefore, numerous analyses prove that atmospheric air pollution forms a carcinogenic 

and non-carcinogenic risk of developing health disorders. The pollution distribution in the 

atmospheric air of cities located in lowlands depends on the altitude. In this regard, the 

issue of determining the health risks caused by the impact on the body of pollutants in the 

atmosphere of low-lying cities, depending on the altitude above sea level, is topical.

The purpose of the study is to - to assess the carcinogenic and non-carcinogenic health 

risks resulting from inhaled atmospheric air intake in Saratov. For achievement of the 

specified goal the following tasks were solved:

a) determination of the altitude of monitoring points for atmospheric pollution in the 

city of Saratov above sea level;
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b) average doses obtained by the body when inhaling priority air pollutants: SO2, NO, 

NO2, H2S, HCHO, C6H5OH, dust, as well as the hazard index due to the total effect of 

these components.

c) carcinogenic health risk assessment due to inhaled intake of the main atmospheric air 

pollutants in the city of Saratov into the human body.

2 Materials and methods
Due to the presence of the i- polluting component in the atmospheric air, the hazard ratio

HQi, is defined by the ratio:

i

i
i RfD
LADD

HQ � (1)

Here LADDi - the value of the average daily dose of the i- polluting component in water 

(mg / kg* day) is determined; RfDi - reference dose (mg/kg) for chronic inhalation 

exposure, determined by the ratio [20]: 

,
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where Сi – concentration of i- polluting component in the atmospheric air (mg/m3), СR

– daily air consumption (20 m3/day), ED - exposure duration (years), EF - exposure 

frequency (days/year), BW- average body weight (70 kg), AT - exposure averaging period 

(years). 

The reference concentration of RfCi and the reference dose of RfDi are correlated with 

each other by the ratio:

BW
CRRfC
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i

�
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Non-carcinogenic risk matches the acceptable level if HQ<1,0; is the maximum 

permissible if HQ =1,0, it is a non-carcinogenic risk; it is hazardous if HQ > 1,0.

The total index HI of the hazard caused by the introduction of several atmospheric air

pollutants into the body was defined by the formula:

��
i

iHQНI ,

(4)

The individual carcinogenic risk caused by the existence of i- in the atmospheric air was 

estimated using the formula:

),exp(1 0iii SFLADDR ���� (5)

where SF0i – the potential value of the carcinogenic risk resulting from exposure to the 

i- substance on the body (kg∙day/mg). 

The increase in the respiratory system morbidity due to chronic inhaled exposure to 

NO2 in children was estimated according to the ratio [21]:

,
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where k =0 for women, k=1 for men.

The data on the concentrations of the main air pollutants for the period from March 

2020 to March 2021 in the city of Saratov were used in the paper according to the data of 

Saratov Center for Hydrometeorology and Environmental Monitoringhttp://pogoda-

sv.ru/monitoring/ecology_aero/sar/sar.php.

3 Results and discussion
The distribution by altitude of the pollution monitoring posts (PMP) in the city of Saratov, 

for which the analysis of non-carcinogenic and carcinogenic health risks resulting from the 

inhaled intake of polluting components was conducted, is shown in Figure 1.

Fig.1. Distribution of air pollution monitoring posts in Saratov by altitude.

The altitudes above sea level for pollution monitoring posts are: PMP 1 (Entuziastov 

Ave.) – 75 m; PMP 2 (Volgodonskaya str., 2) - 50 m; PMP 5 (Oktyabrskaya Str., 45) - 40

m; PMP 6 (Lomonosov str., 1) - 100 m; PMP 7 (50 let Oktyabrya str., 87) - 105 m; PMP 8

(Astrakhanskaya str., 150) - 70 m. Therefore, all the posts representing the districts of 

Saratov are situated in the height range from 40 to 105 m, i.e. they are located mainly in the 

lowland area between the ridges of the Volga Upland. In all monitoring points, the total 

excesses in the concentrations of components polluting the atmospheric air of the city of 

Saratov rises from May to October (Fig. 2). This represents a period of increased traffic 

load on the city's highways during this time frame. An adverse level of pollution (the 

amount of the total excess of concentrations of pollutants, greater than 1) is specific to the 

Zavodsky district and Kirovsky districts, where the main traffic flows of the city are 
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located. Meanwhile, the distribution of polluting components depends both on the position 

of the monitoring point above sea level and on the neighborhood of the sources of 

pollutants entering the atmosphere.

Fig.2. Seasonal dependence of the total excess of concentrations (Сi) of substances polluting the 

atmospheric air of Saratov. 1-PMP 1; 2- PMP 2; 3- PMP 5; 4- PMP 6; 5- PMP 7; 6- PMP 8.
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Fig.3. Hazard index distribution due to inhaled exposure of atmospheric air pollutants in the city of 

Saratov to the human body throughout the year. 1- PMP 1; 2- PMP 2; 3- PMP 5; 4- PMP 6; 5- PMP 7; 

6- PMP 8.

As it shown in Fig. 3, the hazard index has a tendency to increase in the warm season 

(from May to July), as well as in the winter period (January-February). In the first case, this 

may occur owing to an increase in the intensity of distribution of gas-dust accumulations 

over the territory of a low-lying city due to an increase in the kinetic energy of particle 

motion causing an increase in the average monthly temperature. In winter, this condition 

may be connected with a temperature inversion, when a local pressure distribution is 

generated. Thus, the temperatures at the surface are lower than at an altitude of several 

hundred meters above the ground. Meanwhile, due to the disruption of air circulation in the 

near-surface layer, the accumulation of incomplete fuel combustion products is occurring, 
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which creates the smog effect. The greatest contribution to the formation of non-

carcinogenic hazard in the monitoring point for the pollution of PMP1 was NO2 and NO, in 

PMP-2-NO2, NO, H2S, C6H5OH, NH3,HCHO; in PMP - 5-NO2, H2S, HCHO; in PMP -

6-NO2, H2S, HCHO; in PMP, located on 50 let Oktyabrya str, 87-NO2, C6H5OH , 

NH3,HCHO; in PMP - 8-NO2, C6H5ON. For all these air pollutants, the target organs were 

placed in the respiratory system, causing bronchopulmonary diseases. Moreover, phenol 

leads to changes in the cardiovascular system, as well as in the liver and kidneys. The 

formaldehyde action is also directed at the immune system. In addition to its own toxic 

effect on the body, dust has an adsorbing effect on atmospheric pollutants, enhancing their 

toxic effect by creating a heterogeneity of their distribution in the adsorbed form in relation 

to the volume.

The anticipated increase in respiratory morbidity due to chronic inhaled exposure to 

NO2 in children aged 6-7 years ranges from 44 to 79 percent. In this case, the values of the 

morbidity growth are higher in girls (tabl.1). The increased share in morbidity observed in 

the Zavodsky and Leninsky districts of Saratov, in relation to posts located at a lower 

altitude above sea level, may be attributed to the influence of emissions from industrial 

enterprises and thermal power plants located there.

Table 1. Y values for pollution monitoring posts in February 2021

Sex Post 1 Post 2 Post 3 Post 4 Post 5 Post 6

male 0.7866 0.7206 0.4415 0.7725 0.7369 0.7820

female 0.7915 0.7264 0.4486 0.7775 0.7424 0.7869
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Fig.4. Carcinogenic risk distribution caused by inhaled intake of formaldehyde in the atmospheric air 

of the city of Saratov on the human body throughout the year. 1-PMP 1; 2-PMP 2; 3-PMP 5; 4-PMP

6; 5-PMP 7; 6-PMP 8.

The carcinogenic risk rises in mid-spring and early autumn, which may be related to an 

increase in the photochemical activity of lower hydrocarbons, the oxidation product of 

which is formaldehyde. The carcinogenic risk exceeds the upper limit of the permissible 

risk and is in the range of 10-4<Rc<7·10-4 for all pollution monitoring points, except PMP-7

(fig.4). This suggests the formation of smog, which includes formaldehyde. The highest 
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values of the carcinogenic risk (posts 1,2,8) consequent to the inhaled intake of this 

component match the monitoring points located near highways. This may be caused by 

photochemical processes involving the results of incomplete combustion of fuel in engines, 

in which formaldehyde is formed.

4 Conclusion
The total exceeding of the concentrations of components polluting the atmospheric air of 

the city of Saratov increases from May to October and is most noticeable in the places of 

transport interchanges. The health risks related to the inhaled exposure of air pollutants to 

low-lying cities are identified by the location of the observation point above sea level, as 

well as by the proximity to the sources of emissions.

The dangerous level of non-carcinogenic health risk due to inhalation of substances 

polluting the atmospheric air of Saratov (HQ>1) corresponds to nitrogen oxides, hydrogen 

sulfide, ammonia, and formaldehyde. The carcinogenic health risk associated with the 

existence of formaldehyde in the air exceeds the upper limit of the permissible risk. 

Carcinogenic risk caused by inhaled intake of formaldehyde in the body together with 

inhaled air. The anticipated increase in respiratory morbidity due to chronic inhaled 

exposure to NO2 in children aged 6-7 years ranges from 44 to 79 percent, while the grow-

up rates are higher in girls.
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