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Abstract
BACKGROUND: This article focuses on the health risk assessment associated with air pollution for the population 
of the Temir district in the Aktobe region. The risk assessment of the effects of air pollution on public health revealed 
a tendency to deterioration in the health indicators of the children’s population. 

AIM: The research object was the population of the Temir district living near the oil and gas field Zhanazhol. 

METHODS: The work was carried out according to the risk assessment methodology described in the manual R 
2.1.10-1920-04. The maximum non-carcinogenic risk due to exposure to chemicals in the air basin of residential 
areas was established for children from 0 to 6 years of age in the Temir district. 

RESULTS: A high risk of respiratory, blood, and cardiovascular diseases was observed. Sulfur dioxide, hydrogen 
sulfide, nitrogen, and carbon oxides contained in atmospheric air contribute to the risk of developing these diseases. 
The levels of carcinogenic risk to public health in the Temir district show that the maximum individual risk of 
oncological diseases is observed in the group of children. The risk of malignant neoplasms in adolescents is 1.2 
times lower, in the male population – 1.4 times lower, on average, and in the female population – 1.3 times lower than 
in children. Public health risk analysis aims to select the best ways in a particular situation to eliminate or reduce risk 
associated with air pollution for the population. 

CONCLUSION: The methodology of a comprehensive health risk analysis is a promising and developing approach 
in the system of monitoring the quality of the human environment and assessing environmental hazards.

Introduction

Environmental pollution has a negative impact 
on every resident of both the Russian Federation 
and the Republic of Kazakhstan. The environmental 
threat is probably the most important in terms of 
national security. Environmental safety and sustainable 
development of society are possible only if the state of 
the environment and sources of anthropogenic impact 
on the environment are under control, and there is an 
effective mechanism of environmental management.

Anthropogenic air pollution in the context 
of a socio-ecosystem is a global environmental and 
hygienic issue that makes a significant contribution to 
the formation of public health in urban areas. In recent 
years, a methodology for assessing and managing 
environmental pollution risks has been tested to address 
this issue in many regions of the Russian Federation. 
A risk assessment of the effect of environmental factors 
on public health is not only an integral part of socio-
hygienic monitoring but also the pinnacle of hygienic 
diagnosis. The implementation of this methodology 
makes it possible to assess the sanitary well-being of 
the territory, develop an effective system of preventive 

measures, and, based on a systems analysis, study the 
contributions of individual risk factors to the predicted 
indicator of individual or public health [1], [2], [3].

The analysis of modern literature confirms 
that the concept of “environmental risk” is given special 
significance [4], [5]. The level of environmental risk 
allows analyzing both natural and territorial production 
complexes in a unified methodological manner according 
to individual classes of natural and anthropogenic 
prerequisites for human diseases, as well as their territorial 
combinations. The application of the environmental risk 
criterion to assess the negative impact of the environment 
on the health and living conditions of the population 
creates objective prerequisites for the implementation of 
forecasting studies both for the total risk as a whole and 
for its individual forms. Domestic and foreign literature, 
highlighting the problems of environmental risk to public 
health, as a rule, connects the process of occurrence of 
medico-environmental tension and the emergence of new 
risk forms with the formation of a polluting environment 
complex [6], [7], [8], [9].

Under the conditions of the multicomponent 
and multimedia effects of environmental factors, the total 
value of non-carcinogenic risk for the population of the city 
of Aktobe was 9.41 • 10–4 (high priority), of which 84.8% 
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was due to air pollution, with a high risk of harmful effects 
from the respiratory, central nervous, and blood systems. 
The total carcinogenic risk for the population amounted 
to 2.61 • 10–2 (high priority) and was formed due to the 
inhalation and oral intake of carcinogens. An industrial 
city is a territory of increased risk for public health: The 
total non-carcinogenic and carcinogenic risks are 2.1 and 
4.3 times higher, respectively, in areas with a high level of 
anthropogenic environmental pollution [10], [11].

The purpose of this article is to give a risk 
assessment of the effects of air pollution on public 
health in the Temir district.

Materials and Methods

The research object was the population 
of the Temir district living near the oil and gas field 
Zhanazhol. The work was carried out according to 
the risk assessment methodology described in the 
manual R 2.1.10-1920-04 [12], [13]. An assessment 
of non-carcinogenic risk, or a calculation of the non-
carcinogenic index, was carried out in fractions of the 
reference concentration or dose. The procedure for 
assessing non-carcinogenic risk involves comparing 
the values of the acting and reference concentrations 
(doses). If the ratio of these values is lower than one, 
then there is no risk; if it is higher, then there is a risk.

It was important to assess non-carcinogenic 
effects based on establishing compliance with 
the reference doses of priority substances. The 
development of non-carcinogenic effects was analyzed 
by comparing the actual exposure levels with the safe 
exposure levels (the hazard index [HI]/hazard quotient 
[HQ]), according to the formula:

HQ = AC/RfC, where AC is the actual exposure 
level; RfC is the safe exposure level (reference 
concentration).

Taking into account that with the simultaneous 
exposure to several substances at levels below the 
maximum permissible concentration, the summation 
of biological effects is possible, the calculation of the 
total index (the HI) is required; the summation is carried 
out only with factors affecting the same organs and 
systems of the human body.

HI = HQ1+HQ2+…+HQn

The information base included data from the 
standard statistical report (the 2TP-Air form) for a 6-year 

period (data on the content of the main pollutants in the 
atmosphere of the Temir district are presented in Table 1) 
and their average annual concentration according to the 
data of RSE “AOTSEE” of the committee on consumer 
rights protection under the Ministry of National Economy 
of the Republic of Kazakhstan. To calculate the 
risks, reference concentrations for chronic inhalation 
exposure were used (Table 2). The calculation of non-
carcinogenic risks, taking into account critical organs 
and systems, was carried out for such atmospheric air 
pollutants as sulfur dioxide, nitrogen oxides, hydrogen 
sulfide, and carbon monoxide.

At the first stage of the study, the average 
annual and average daily concentrations of pollutants 
were calculated (Table 3). Based on these calculations, 
the concentration of a substance entering the body with 
atmospheric air was determined on the basis of mg/kg 
body weight (for a specified period of time).

The HQ of non-carcinogenic effects was 
calculated with regard to gender (men and women) and 
age (children, adolescents, and adults). The HI was 
determined for all of the above substances with regard 
to the same parameters (gender and age). In addition, 
the HI was calculated for each critical organ and system.

The recommended standard values of 
exposure factors (Tables 4 and 5) were applied.

The population risk coefficients and factors 
(Tables 6 and 7) were applied.

Based on the results and recommended 
standard values of exposure factors (Tables 4 and 5), 
the population risk (Tables 6 and 7) was calculated 
for adults (men, women), adolescents, and children 
according to the formula:

HRI= Е × TW × Р/10,000
where HRI is the comparative non-carcinogenic 

HI
TW is the time-weighted coefficient of health 

impact
P is the population size
E is the value of conditional exposure (t/year).
Then, the lifelong average daily dose (LADD) 

of one or several chronic average daily doses (ADDch) 
was calculated as an average weighted dose for three 
life periods according to the formula:

LADD =

(EDb×ADDchb) + (EDc×ADDchc)

+(EDa ×ADDcha)

AT

Table 1: Average annual emissions of harmful substances into the air in the vicinity of the Zhanazhol gas processing plant (tons/year)
Harmful 
Substance Name

2011 2012 2013 2014 2015 2016 Average

Sulfur dioxide 4228.371 3445.310 5188.561 6344.767 702.950 1685.734 3599.282
Nitrogen oxides 795.033 791.336 804.455 867.106 1001.740 1054.682 885.725
Carbon monoxide 6673.394 6692.252 6932.995 7483.231 8513.920 8992.373 7548.027
Hydrogen sulfide 0.00087 0.00089 0.00086 0.00090 0.00088 0.000862 0.00088
Hydrocarbons 336.734 336.734 336.734 336.734 336.734 336.734 336.734
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where LADD is the lifelong average daily dose
EDb is the exposure duration of junior children 

(aged 0–6 years) – 6 years.
Table 2: Reference concentrations for chronic inhalation 
exposure
CAS Substance RFC, mg/m3 Critical organs/systems
7446-09-5 Sulfur dioxide 0.05 Respiratory system
10102-43-9 Nitrogen oxide 0.04 Respiratory system, blood 

(formation of MetHb)
630-08-0 Carbon monoxide 3 Blood, cardiovascular system, 

development, central nervous 
system

7783-06-4 Hydrogen sulfide 0.002 Respiratory system
Common hydrocarbons 
(hexane)

0.071 Eyes, respiratory system, liver, 
kidneys, central nervous system

EDc is the exposure duration of senior children 
(aged 6–18 years) – 12 years

EDa is the exposure duration of adults (aged 
18 years and above) – 12 years

Table 3: Average annual and average daily pollutant 
emissions into the atmosphere of the Temir district (tons)
Substance Year Day Average concentration 

(mg/m3)
Sulfur dioxide 3599.282 9.861 0.03
Nitrogen oxides 885.725 2.427 0.2
Carbon monoxide 7548.027 20.679 0.1
Hydrogen sulfide 0.00088 0.00000241 0.08
Common hydrocarbons (hexane) 336.734 0.923 0,4

ADDchb is the chronic average daily dose of 
junior children, mg/(kg×day)

ADDchc is the chronic average daily dose of 
senior children, mg/(kg×day)

ADDcha is the chronic average daily dose of 
adults, mg/(kg×day)

AT is the averaging time (number of years).
Table 4: Recommended standard exposure factors
Exposure factor Value
Exposure duration

Chronic exposure (adults) 30 years
Lifelong exposure (carcinogens) 70 years
Chronic exposure, children under 6 years old 6 years
Average life expectancy 70 years

Inhalation exposure
Inhalation rate, adult, general characteristic 20 m3/day
Inhalation rate, adult, only indoor activities 15 m3/day
Inhalation rate, child, 6–<18 years old 20 m3/day
Inhalation rate, child, 0–<6 years old 4 m3/day
Inhalation rate, child, <1 year old 4.5 m3/day
Inhalation rate, child, 1–12 years old 8.7 m3/day
Inhalation rate, adult woman 11.3 m3/day
Inhalation rate, adult man 15.2 m3/day
Inhalation rate during activity 0.018 m3/(kg×h) 
Inhalation rate during rest 0.006 m3/(kg×h)
Exposure frequency, residential area scenario 350 days/year

Body weight
Body weight, child, 0–<6 years old 14–15 kg 
Body weight, child, 0–<18 years old 42 kg
Body weight, adult, 18 years and older 70 kg 

Total exposure time
Duration of residence 30 years (90-percentile)

9 years (50-percentile) 
Activity indicators
Time spent indoors, children, 3–11 years old 19 h/day

17 h/day (weekends)
Time spent indoors, adults and children, >12 years old 21 h/day
Time spent indoors, adults 16,4 h/day
Time spent outdoors, children, 3–11 years old 5 h/day

7 h/day (weekends) 
Time spent outdoors, adults and children, >12 years old 1,5 h/day
Time spent outdoors, adults 2 h/day
Mobility of population (residence time in one place) 9 30 (95-percentile) 

When assessing carcinogenic risks, the 
average daily doses are used with regard to the expected 

average life expectancy of a person (70 years). Such 
doses are referred to as LADD. The standard equation 
for calculating LADD is as follows:
Table 5: Exposure factors recommended by the WHO
Exposure factor Value 
Body weight, kg

Middle-aged adult 60 
Adult man 70 
Adult woman 58 
Mean value 64 
Recommended by WHO 60 

Body surface area, cm2

Adult man 18.000 
Adult woman 16.000 

Inhalation per day, m3 (8 h of rest, 16 h of light or non-productive activity)
Adult man 23 
Adult woman 21 
Child (10 years old) 15 
Middle-aged adult 22 

LADD = [C×CR×ED×EF]/[BW×AT×365],
where LADD is the lifelong average daily dose, 

mg/(kg×day)
C is the concentration of substance in 

atmospheric air, mg/m3

CR is the air intake rate, m3/day
ED is the exposure duration, years
EF is the exposure frequency, days/year
BW is the human body weight, kg
AT is the exposure averaging period for 

carcinogens (70 years)
365 is the number of days in a year.

Table 6: Weighted coefficients for assessing non-carcinogenic 
effects
Reference (safe) dose, 
mg/kg

Reference (safe) 
concentration, mg/m3

Weighted 
coefficient

<0.00005 <0.000175 100,000
0.00005–0.0005 0.000175–0.00175 10,000
0.0005–0.005 0.00175–0.0175 1000
0.005–0.05 0.0175–0.175 100
0.05–0.5 0.175–1.75 10
>0.5 >1.75 1 

The calculation of the individual carcinogenic 
risk is carried out using data on the exposure level 
and the values of carcinogenic potential factors (slope 
factor and unitary risk). For carcinogenic chemicals, as 
a rule, the additional probability of developing cancer 
in an individual throughout life (CR) is estimated on the 
basis of the LADD.

CR = LADD×SF,
where LADD is the lifelong average daily dose, 

mg/(kg×day)
SF is the slope factor, mg/(kg*day)‒1.

Table 7: Carcinogenic potential factors (mg/kg×day)‒1

CAS Substance IARC EPA SFO SFI 
Common hydrocarbons (by С) 0.035

The population carcinogenic risk (PCR), 
reflecting an additional (to the background) number 
of cases of malignant neoplasms that can occur 
throughout life due to the influence of the studied factor, 
is determined according to the formula:
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PCR = CR×POP,
where CR is the individual carcinogenic risk
POP is the number of the studied population, 

people.

Results

During the study period (2011–2016), air 
pollutant emissions increased significantly in the Temir 
district. A major increase in carbon monoxide emissions 
was observed in 2016 (8992 tons) compared with 
2011 (6673 tons).

The recommended values of reference doses 
and concentrations, indicating critical organs and/or 
systems, are presented in Table 2.

Table 3 shows the average annual and average 
daily pollutant emissions in tons and the concentration 
of pollutants in mg/m3 in the atmospheric air of the 
Temir district.

The calculations of non-carcinogenic risks 
showed that the maximum health risks accrue to 
children in the Temir district (Table 8). In particular, 
the maximum HQ values were established for 
hydrogen sulfide and nitrogen oxides – 97 and 12.125, 
respectively. In addition, HQ values greater than 1.0 
were found for sulfur dioxide (1.46). The HQ for carbon 
monoxide was <1.

Table 8: The nature of non-carcinogenic health risk for the 
children’s population (aged 0–6 years) in the Temir district
Substance Dose, 

mg/kg
RfС, mg/kg HQ Organ

Sulfur dioxide 0.073 0.05 1.46 Respiratory system
Nitrogen oxides 0.485 0.04 12.125 Respiratory system, blood 

(formation of MetHb)
Carbon monoxide 0.243 3 0.081 Blood, cardiovascular 

system, development, 
central nervous system

Hydrogen sulfide 1.941 0.002 97 Respiratory system
Aggregate risk HI total 110.666

HI development 0.081
HI kidneys -
HI blood, 
cardiovascular 
system

12.206

HI respiratory 
system

110.585

HI central nervous 
system

0.081

HI liver -

The total HI was 110.666. The HI for diseases of the 
respiratory system takes the first place and equals 
110.585, followed by diseases of the blood and 
cardiovascular system (HI = 12.206), and lesions of 
the general development and central nervous system 
(HI = 0.081).

The second highest health risk associated with 
air pollution was observed among adolescents in the 
Temir district (Table 9). The maximum HQ values were 

established for hydrogen sulfide and nitrogen oxides 
– 20 and 2.5, respectively. The HQ for sulfur dioxide 
and carbon monoxide was <1. The health risk level for 
adolescents is 5–6 times lower than for children under 
6 years old.

The total HI in this group was 22.817. Among 
critical organs and systems, the highest HI is for 
diseases of the respiratory system (HI = 22.8), followed 
by diseases of the blood and cardiovascular system 
(HI = 2.517), and lesions of the central nervous system 
(HI = 0.017).

A slightly lower health risk due to chemical 
atmospheric factors was established for the female 
population of the Temir district (Table 10). In particular, 
the maximum HQ values were established for hydrogen 
sulfide and nitrogen oxides – 15 and 1.8, respectively. 
The HQ for other analyzed chemicals was <1.

Table 10: The nature of non-carcinogenic health risk for the 
female population in the Temir district
Substance Dose, 

mg/kg
RfС, mg/kg HQ Organ

Sulfur dioxide 0.022 0.05 0.44 Respiratory system
Nitrogen oxides 0.072 0.04 1.8 Respiratory system, blood 

(formation of MetHb)
Carbon monoxide 0.036 3.0 0.012 Blood, cardiovascular 

system, development, 
central nervous system

Hydrogen sulfide 0.3 0.002 15 Respiratory system
Aggregate risk HI total 17.252

HI development 0.012
HI kidneys -
HI blood, 
cardiovascular system

1.81

HI respiratory system 17.24
HI central nervous 
system

0.012

HI liver -

The total HI was 17.252. The HI for diseases of 
the respiratory system takes the first place and 
equals 17.24, followed by diseases of the blood and 
cardiovascular system (HI = 1.81), and lesions of the 
general development and central nervous system 
(HI = 0.012).

A slightly lower health risk (but without 
significant differences compared with women) was 
observed among the male population of the Temir 

Table 9: The nature of non-carcinogenic health risk for 
adolescents in the Temir district (aged 15–18 years)
Substance Dose, 

mg/kg
RfС, mg/kg HQ Organ

Sulfur dioxide 0.015 0.05 0.3 Respiratory system
Nitrogen oxides 0.10 0.04 2.5 Respiratory system, blood 

(formation of MetHb)
Carbon monoxide 0.05 3.0 0.017 Blood, cardiovascular 

system, development, 
central nervous system

Hydrogen sulfide 0.40 0.002 20 Respiratory system
Aggregate risk HI total 22.817

HI development 0.017
HI kidneys -
HI blood, 
cardiovascular system

2.517

HI respiratory system 22.8
HI central nervous 
system

0.017

HI liver -
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district (Table 11). This group has the same tendency 
as the female group. The HQ amounted to 1.63 for 
hydrogen sulfide and to 13 for nitrogen oxides. The HQ 
for other analyzed chemicals was <1.

Table 11: Characterization of non-carcinogenic health risk for 
the male population in the Temir district
Substance Dose, 

mg/kg
RfС, mg/kg HQ Organ

Sulfur dioxide 0.01 0.05 0.2 Respiratory system
Nitrogen oxides 0.065 0.04 1.63 Respiratory system, blood 

(formation of MetHb)
Carbon monoxide 0.03 3.0 0.01 Blood, cardiovascular 

system, development, 
central nervous system

Hydrogen sulfide 0.26 0.002 13 Respiratory system
Aggregate risk HI total 14.84

HI development 0.01
HI kidneys -
HI blood, cardiovascular 
system

1.64

HI respiratory system 14.83
HI central nervous 
system

0.01

HI liver -

The total HI in this group was 14.84. Among 
critical organs and systems, diseases of the respiratory 
system are also in the first place (HI = 14.83), followed 
by diseases of the blood and cardiovascular system 
(HI = 1.64), and lesions of the general development and 
central nervous system (HI = 0.01).

Based on the obtained results, the maximum 
non-carcinogenic risk due to exposure to chemicals 
in the air basin of residential areas is established for 
children (aged 0–6 years) in the Temir district. There 
was a high risk of respiratory, blood, and cardiovascular 
diseases. It should be emphasized that sulfur dioxide, 
hydrogen sulfide, and nitrogen oxides contained in 
atmospheric air contribute to the risk of developing 
these diseases.

The next group exposed to the increased 
risks of the effect of chemical environmental factors is 
adolescents, who also have a high risk of respiratory, 
blood, and cardiovascular diseases. The main 
contributors to the risks of developing diseases are 
hydrogen sulfide and nitrogen oxides, while for the rest 
of the chemicals, the HQ is below one.

A similar situation is observed in the adult 
population – both male and female. However, it should 
be emphasized that the risk of developing diseases in 
adults is much lower than in children and adolescents.

The calculation of the population risk for 
residents of the Temir district by age groups (Figure 1) 
showed that the female population is exposed to the 
maximum non-carcinogenic health risk (Σ = 123.79).

The female population is followed by adult men 
(Σ = 121.66) and children (Σ = 104.47). Adolescents 
are at the least risk (Σ = 22.18). It should be noted 
that the maximum risk to public health is posed by 
the content of nitrogen oxides and hydrogen sulfide in 
atmospheric air.

The obtained data on the LADD (Figure 2) of 
the intake of harmful substances from atmospheric air 

indicate that the maximum daily average concentrations 
for the entire life period fall on the group of children 
(0–6 years) followed by adolescents and adults.

A similar pattern is observed with common 
hydrocarbons (Table 12).

Table 12: The average daily intake of common hydrocarbons 
with atmospheric air
Contaminants Daily intake – mg/(kg×day)

Children Adolescents Women Men
Common hydrocarbons 0.83 0.069 0.062 0.056

The levels of carcinogenic health risk for the population 
of the Temir district presented in Figure 3 show that the 
group of children is at the highest risk of cancer. The 
risk of developing malignant neoplasms in adolescents 
is 1.2 times lower, in the male population –1.4 times 
lower, on average, and in the female population – 
1.3 times lower than in children.

Figure 1: Population non-carcinogenic risks for residents of the Temir 
district

Figure 2: Lifelong average daily dose for non-carcinogenic 
effects, mg/(kg×day)

Figure 3: Individual carcinogenic risk for the population of the Temir 
district with regard to age

The assessment of the PCR with regard to 
gender and age (Figure 4) showed that children are 
exposed to the highest risk of cancer followed by 
adult women and men in the Temir district. The lowest 
carcinogenic risk is observed among adolescents, which 
can be explained by their relatively small population.
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Discussion

The oil and gas industry is known to be the 
irreplaceable driving force of the Republic of Kazakhstan. 
The objects of oil and gas production, processing, 
and storage are widely represented on the territory of 
the country, both already put into operation and at the 
planning stage. These objects, often surrounded by 
various settlements, pose a direct threat to the health of 
the surrounding population. In this connection, one should 
conduct an assessment of health risks from pollutant 
emissions associated with the future operation of an 
industrial facility, even before commissioning [14], [15].

Petrochemical emissions may contain toxic 
and carcinogenic compounds, which may be hazardous 
to human health. The scenario may be worse in 
developing countries, where health-related issues are 
not properly addressed, and the public may not be 
sufficiently informed about such a health risk [16].

The risk assessment methodology is currently 
an effective analytical tool for characterizing the effect 
of environmental factors on public health status. In 
addition, it has become one of the most important tools 
for improving the system of control and maintenance 
of the sanitary and epidemiological well-being of the 
population. Risk assessment makes it possible to get 
the ratio between a certain concentration of a pollutant 
substance and the probability of a negative impact on 
human health [17], [18], [19], [20].

The emergence and development of many 
pathological conditions depends to a large extent 
on the quality of the environment. Under these 
conditions, the scientific development and implementation 
of the methodology and methodological approaches 
of hygienic prenosological diagnostics, with regard to 
regional environmental features, is becoming especially 
relevant. Children’s health is an indicator of environmental 
quality due to the fact that the growing body of the child 
with its intensive metabolism and morphofunctional 
characteristics determines the greatest sensitivity and 
susceptibility to the effects of negative environmental 
factors. In this regard, the results of studying children’s 
health are considered as a reliable indicator among other 
criteria for the hygienic risk assessment of developing 
environmental pathological conditions [21], [22], [23].

Risk analysis aims to select the best ways in a 
particular situation to eliminate or reduce risk and includes 

three interrelated elements: Health risk assessment, risk 
management, and risk communication [24], [25], [26], [27].

Thus, the methodology of a comprehensive 
health risk analysis is a promising and developing 
approach in the system of monitoring the quality of 
the human environment and assessing environmental 
hazards [28], [29], [30], [31], [32].

Conclusions

Therefore, according to the research results, it 
can be concluded that the maximum non-carcinogenic 
risk associated with exposure to chemicals in the air 
basin of residential areas is established for the children’s 
population (aged 0–6 years) of the Temir district. A high 
risk of respiratory, blood, and cardiovascular diseases 
is observed. At the same time, it should be emphasized 
that sulfur dioxide, hydrogen sulfide, and nitrogen and 
carbon oxides contained in atmospheric air contribute 
to the risk of developing these diseases.

The next group is adolescents who have a high 
risk of respiratory diseases. The main contribution to 
the risks of developing diseases is made by hydrogen 
sulfide. The HQ for other chemicals is below one. 
A similar situation is observed in the adult population 
– both male and female. However, it should be 
emphasized that the risk of developing diseases in 
adults is much lower than in children and adolescents.

Based on the assessment of the individual and 
population carcinogenic health risks for the population of 
the Temir district, it can be stated that the individual risk 
of developing cancer in all age and gender groups can 
be estimated as high. At the same time, it must be taken 
into account that among all common hydrocarbons, the 
calculation was made only by hexane due to the lack of 
data. The population risk magnitude, as a rule, should 
not be used to draw any direct analogies between the 
levels of actual cancer morbidity or mortality and the 
values of these risks.
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