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The relationship between atmospheric air pollution, meteorological factors, and
morbidity rates in Zhitikara during 2021-2025 was assessed. A retrospective analysis of
environmental monitoring and public health statistics was conducted. Strong positive
correlations were identified between overall morbidity and concentrations of PMzs,
PM;,, and SO,. The findings suggest a possible influence of environmental factors on
population health and emphasize the importance of air quality improvement measures.
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Introduction. The state of atmospheric air is one of the most important environ-
mental factors capable of influencing population health indicators. In recent years, the
problem of atmospheric air pollution has been considered one of the leading environ-
menttal risk factors associated with an increase in the prevalence of chronic non-com-
municable diseases, a decrease in quality of life, and premature mortality of the popula-
tion [1,2]

Researchers pay special attention to the effects of suspended particles PM,,5s and
PMj,, nitrogen dioxide, sulfur dioxide, and ground-level ozone. According to modern
studies, long-term exposure to these pollutants is associated with an increased risk of
developping diseases of the respiratory, cardiovascular, nervous, and genitourinary sys-
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tems [2,4,6]. The most dangerous are considered to be fine particles PM,,s, which, due
to their small aerodynamic diameter, are able to penetrate into the alveolar regions of
the lungs and cause systemic inflammatory reactions [4,6].

Along with anthropogenic sources of pollution, meteorological factors that de-
termine the processes of accumulation and dispersion of impurities in the atmospheric
air are of significant importance. Air temperature, relative humidity, atmospheric pres-
sure, and wind speed have a direct impact on the concentration of pollutants in the sur-
face layer of the atmosphere and, as a result, on the level of exposure to the population
[1,3]. The results of recent studies indicate that unfavorable meteorological conditions
are capable of enhancing the negative impact of atmospheric pollutants on human
health, forming a combined risk of developing various diseases [1,3].

Currently, the One Health concept is gaining wider acceptance, according to
which human health is considered in close interconnection with the state of the environ-
ment. Within the framework of this approach, air quality is one of the key components
determining the sanitary-epidemiological well-being of the population [5]. In this re-
gard, the study of the influence of environmental factors on health indicators is of parti-
cular relevance for industrial regions.

Despite a significant number of international studies devoted to assessing the
impact of atmospheric air pollution on population health, data on individual regions of
the Republic of Kazakhstan remain limited. This is especially true for small industrial
cities, where the combination of local emission sources and natural-climatic features can
have a significant impact on the formation of health risks for the population.

Zhitikara is an industrial center of the Kostanay region, characterized by the pre-
sence of technogenic impact sources and continental climatic conditions. In this regard,
assessing the relationship between meteorological parameters, the level of atmospheric
air pollution, and population morbidity indicators is of scientific interest.

The aim of the study is to examine the relationship between meteorological fac-
tors, indicators of atmospheric air pollution, and the level of morbidity of the population
of Zhitikara for the period 2021-2025.

Materials and methods. The study was conducted on the territory of Zhitikara,
Kostanay region. A retrospective analysis of meteorological indicators, atmospheric air
monitoring data, and population morbidity indicators for the period 2021-2025 was
carried out.

The source of information on meteorological conditions was data from the
hydrometeorological service observations. To assess the climatic features of the terri-
tory, average monthly values of air temperature (°C), relative air humidity (%), atmos-
pheric pressure (hPa), and wind speed (m/s) were analyzed.

Assessment of atmospheric air quality was carried out using data from state
environmental monitoring. The analysis included indicators of the content of suspended
particles PM;.5 and PM;,, sulfur dioxide (SO;), carbon monoxide (CO), nitrogen
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dioxide (NO3), and ozone (O3). For each pollutant, average annual concentrations and
indicators characterizing the level of atmospheric air pollution were calculated.

Official statistical data on the morbidity of the population of Zhitikara were used
to study the health status of the population. The analysis included indicators of overall
population morbidity, child population morbidity, as well as indicators for individual
classes of diseases: infectious and parasitic diseases, diseases of the nervous system, di-
seases of the genitourinary system, and diseases of the digestive organs.

At the first stage of the study, descriptive statistical processing of the data was
performed with calculation of mean values (M), medians (Me), minimum and maximum
values. To assess the nature of the relationships between meteorological parameters and
indicators of atmospheric air pollution, non-parametric Spearman correlation analysis
was used. Interpretation of the strength of the correlation was carried out according to
generally accepted criteria: a coefficient of less than 0.30 was regarded as a weak rela-
tionship, from 0.30 to 0.69 as moderate, and 0.70 and higher as a strong relationship.

Statistical processing of the study results was carried out using the Statistica 10
software package. Differences were considered statistically significant at a significance
level of p <0.05.

Results. Dynamics of Morbidity of the Population of Zhitikara for 2021-2025.

Analysis of the morbidity indicators of the population of Zhitikara for the period
2021-2025 revealed a steady trend toward an increase in both overall morbidity and
individual classes of diseases.

Overall population morbidity increased from 44,264.6 cases per 100,000 popula-
tion in 2021 to 60,669.7 cases per 100,000 population in 2025, corresponding to a
37.1% increase. The most intensive growth was observed in the period from 2023 to
2025, when the indicator increased from 48,684.6 to 60,669.7 cases per 100,000 popula-
tion (Figure 1).
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Figure 1. - Dynamics of overall morbidity and child population morbidity per 100,000 population in
Zhitikara for 2021-2025
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Among the child population, a pronounced trend toward an increase in morbidity
was also noted. While in 2021 the indicator was 85,871.9 cases per 100,000 child popu-
lation, by 2025 it reached 124,695.3 cases per 100,000, an increase of 45.2%. At the
same time, in 2022 a significant decrease in the indicator to 17,683.4 cases per 100,000
child population was registered, after which a consistent increase was observed in sub-
sequent years. The identified changes are probably related to the peculiarities of recor-
ding and registration of diseases, as well as organizational changes in the system of me-
dical care for the population (Figure 1).

Morbidity from infectious and parasitic diseases over the study period increased
from 693.0 to 1,085.0 cases per 100,000 population. The overall increase was 56.6%,
which is the most pronounced increase among the analyzed classes of diseases (Figure
2).
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Figure 2. - Dynamics of morbidity by individual classes of diseases among the population of
Zhitikara for 2021-2025 (per 100,000 population)

Indicators of diseases of the genitourinary system were also characterized by
gradual growth. In 2021, the level of morbidity was 1,483.2 cases per 100,000 popula-
tion, and by 2025 it reached 1,836.5 cases per 100,000, corresponding to an increase of
23.8% (Figure 2).

A similar dynamic was observed for diseases of the digestive organs. Over the
five-year period, the indicator increased from 1,320.5 to 1,720.5 cases per 100,000
population, with a 30.3% increase (Figure 2).

Morbidity from diseases of the nervous system changed less markedly but also
demonstrated a trend toward an increase. In 2021, the indicator was 912.7 cases per
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100,000 population, and in 2025 it was 1,053.6 cases per 100,000 population, which is
15.4% higher than the initial level (Figure 2).

During the study period in Zhitikara, an increase in most of the analyzed morbi-
dity indicators of the population was noted. The highest growth rates were registered for
infectious and parasitic diseases, as well as among the child population. The identified
changes may be due to the combined influence of socio-economic, demographic, clima-
tic, and environmental factors, which requires further study of their relationship with the
characteristics of atmospheric air and meteorological conditions.

Characteristics of Meteorological Conditions and Atmospheric Air Quality.

Analysis of meteorological indicators in Zhitikara for 2021-2025 showed rela-
tive stability of climatic conditions during the study period. Average annual relative air
humidity varied from 67.1% to 69.1%, averaging about 68%. Average air temperature
varied within 4.6 to 6.2°C, which corresponds to the climatic features of the region. At-
mospheric pressure was characterized by minor interannual fluctuations and ranged
from 984.0 to 985.4 hPa. Average wind speed varied from 2.8 to 3.1 m/s.

The analysis of atmospheric air quality revealed differences in the concentra-
tions of the studied pollutants. Among gaseous impurities, the highest concentrations
were characteristic of nitrogen dioxide. The average annual content of NO, varied from
0.102 to 0.149 mg/m?. Sulfur dioxide concentration varied from 0.033 to 0.041 mg/m°.

Carbon monoxide content in the atmospheric air was characterized by significant
interannual fluctuations. Average values varied from 0.002 to 0.071 mg/m?. For ozone,
the lowest content levels among the analyzed pollutants were noted, with concentrations
ranging from 0.005 to 0.014 mg/m®.

The obtained results indicate the presence of interannual variability in both
meteorological indicators and concentrations of individual pollutants in the atmospheric
air of Zhitikara. The identified differences may influence the formation of the sanitary-
hygienic situation and the health status of the population, which served as the basis for
conducting correlation analysis.

Correlation Analysis of the Relationship Between Environmental Indicators
and Population Morbidity.

The conducted correlation analysis revealed the presence of relationships bet-
ween indicators of atmospheric air pollution, meteorological factors, and morbidity of
the population of Zhitikara.

The strongest positive correlations of overall morbidity were established with
concentrations of suspended particles PM,.5 (p=0.90; p<0.05), PM44 (p=0.90; p<0.05),
and sulfur dioxide (p=0.90; p<0.05). For nitrogen dioxide, a moderate positive relation-
ship was revealed (p=0.60; p<0.05). Similar dependencies were observed for child po-
pulation morbidity.

Among meteorological factors, the most pronounced inverse relationship was
noted for air temperature. The correlation coefficient with overall and child morbidity
was p=-0.80 (p<0.05). A negative correlation with wind speed was also revealed (p=-
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0.70; p<0.05), while relative humidity demonstrated a moderate positive relationship
with overall morbidity (p=0.60; p<0.05) and infectious diseases (p=0.70; p<0.05).

The obtained results indicate that the closest relationships with population mor-
bidity indicators were observed for concentrations of suspended particles PMa5, PMjj,
and sulfur dioxide, as well as individual meteorological factors, primarily air tempera-
ture and wind speed (Table 1).

Table 1. - Spearman rank correlation coefficients between population morbidity indicators, meteo-
rological factors, and atmospheric air pollutants.

Rel. Air Atmosphe | Win | M5 Mio 02 0] 0, O3
Humidi | Temperat | ric d
ty ure Pressure Spee
d
Overall - - -
morbidity | 0,600 -0,800** | -0,600 0,70 8;900 0,900 2;900 0,60 8’60 0,20
0 0 0
Child - - -
morbidity | 0,600 -0,800** | -0,600 0,70 8;900 0,900 2;900 0,60 8’60 0,20
0 0 0
Infectious - - -
& parasitic | 0,700 -0,700 -0,700 0,60 | 0,900 2’*900 0,800 | 0,70 8’70 0,50
morbidity 0 0 0
Genitourin - - -
ary 0,700 -0,700 -0,700 0,60 | 0,700 2’*700 0,800 | 0,70 8’70 0,50
diseases 0 0 0
Digestive - 0.800 - 070 | -
diseases 0,700 -0,700 -0,700 0,60 | 0,700 | % 0,800 | 0,70 0’ 0,50
0 0 0
Nervous - - -
system 0,700 -0,700 -0,700 0,60 | 0,700 8;800 0,800 | 0,70 8’70 0,50
diseases 0 0 0

Note: ** - Spearman correlation coefficients statistically significant at p<0.05.

It should be taken into account that the analysis was carried out on the basis of
five annual observations for the period 2021-2025. In this regard, the obtained correla-
tion coefficient values reflect the general direction of the relationships and require
further confirmation over a longer observation period.

Discussion. The conducted study showed the presence of relationships between
indicators of atmospheric air quality, meteorological factors, and the level of morbidity
of the population of Zhitikara. The most pronounced correlation relationships were
identified between overall and child morbidity and concentrations of suspended parti-
cles PM2 5, PMio, as well as sulfur dioxide.

The obtained results are consistent with data from modern studies, according to
which long-term exposure to fine particles and gaseous pollutants contributes to an in-
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creased risk of developing various diseases and deterioration of public health indicators
[1, 2, 6]. Of particular importance are PM,.5 and PM, particles, which are able to pe-
netrate the respiratory tract and cause the development of inflammatory reactions, oxi-
dative stress, and dysfunction of various organs and systems [4, 6].

The identified positive relationship between sulfur dioxide concentrations and
morbidity indicators also corresponds to the results of studies indicating the adverse
effects of sulfur compounds on population health, especially in industrial regions [1, 2].

Among meteorological factors, air temperature, relative humidity, and wind spe-
ed were the most significant. The negative correlation between air temperature and mor-
bidity indicators may be associated with seasonal features of the spread of infectious
diseases and changes in the conditions of exposure to environmental factors. At the
same time, higher wind speed contributes to the dispersion of pollutants in the atmos-
pheric air, which potentially reduces the level of exposure to the population.

The data indicate that suspended particles PM» s and PMjo may make the greatest
contribution to the formation of population morbidity indicators. This is consistent with
the results of international studies in which these pollutants are considered one of the
main risk factors for the development of chronic diseases and deterioration of popular-
tion health. Exposure to fine particles is accompanied by the development of inflam-
matory processes, disruption of the respiratory system, and an increase in the overall
susceptibility of the body to adverse environmental factors [4, 6].

The obtained findings are in agreement with recent international studies demons-
trating that long-term exposure to particulate matter and gaseous pollutants is associated
with increased morbidity and adverse health outcomes. According to recent systematic
reviews and epidemiological investigations, PM,.5 and PM;, remain among the most
significant environmental risk factors contributing to chronic diseases and increased
healthcare burden [7 - 10]. These observations support the results obtained in the pre-
sent study and emphasize the importance of continuous environmental monitoring in in-
dustrial regions.

The obtained results confirm the importance of comprehensive consideration of
both environmental and climatic factors when assessing health risks to the population.
At the same time, the study has a number of limitations associated with the use of ave-
rage annual indicators and a limited observation period. In this regard, the identified
relationships should be considered preliminary and requiring further confirmation on
longer time series.

Conclusions:

1. During the period 2021-2025 in Zhitikara, a trend toward an increase in ove-
rall and child morbidity was noted, as well as morbidity from infectious and parasitic
diseases, diseases of the genitourinary system, digestive organs, and nervous system.

2. Analysis of atmospheric air quality showed the presence of interannual varia-
bility in pollutant concentrations, among which suspended particles PM2 s u PMio, and
sulfur dioxide were the most significant for population health indicators.
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3. Based on the results of the correlation analysis, strong positive relationships
were established between overall population morbidity and concentrations of PMys
(p=0.90), PM1o (p=0.90), and SO, (p=0.90), as well as a moderate positive relationship
with NO, concentration (p=0.60).

4. Among meteorological factors, the most pronounced relationships with morbi-
dity indicators were identified for air temperature, relative humidity, and wind speed.

5. The obtained results indicate a possible influence of atmospheric air quality
and meteorological conditions on the formation of morbidity indicators of the popular-
tion of Zhitikara and can be used in the development of measures to protect atmospheric
air and reduce environmental risks to population health.
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Ty:KpIpbIM

2021-2025 xbuinap apanbirbigaa JKiTikapa Kanachl TYPFBIHIAPBIHBIH aypyIllaH-
JBIFBI MEH aTMoc(epaliblK ayaHbIH JacTaHy KOpCETKIITepi, COHIai-aK METeopOIOoTUs-
TIK (hakTopIsIap apachklHIarsl OaiyiaHbIC 3epTTerai. Kopiraran opTa MOHUTOPHHTI JKOHE
MEIUIUHANBIK CTaTUCTHKA JEpPEKTepiHE PETPOCHEKTUBTI Tanjay >Kyprizinmi. JKammsl
aypymasasiK meH PMs s, PM o sxore SO, KOHIIEHTpaIusIapbl apachlHaa KYIITI KOoppe-
JIAUSUIBIK OaliaHbIcTap aHbIKTaN bl HoTrkenep Kopiiaran opta ¢pakTopiIapbIHbIH Xa-
JIBIK JICHCAYJIBIFbIHA BIKTUMAJI 9CEPIH KOPCETT.
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Pe3rome

N3ydyena B3auMOCBS3b MEX]y MOKA3aTeIsIMHU 3arpsi3HEHHS aTMOC(EepHOro BO3-
JlyXa, METeOpOJOTHYeCKUMH (hakTopaMu U 3a00J1€BaeMOCThIO HaceneHus r. XKuTukapa
3a 2021-2025 rr. IIpoBeneH peTpOCHEKTUBHBIN aHAIU3 JAHHBIX MOHUTOPHHIA OKpY-
JKarouierd cpeapl U MEAUIMHCKON CTaTUCTUKH. Y CTAHOBJIEHBI CUJIBHBIE KOPPEISIHUOH-
HBIE CBS3M 001Iel 3a001eBaeMOCTH ¢ KOHLeHTpauusMu PMz s, PMio u SO,. [Tonyuen-
HBIE PE3yNbTAaThl CBUAETEIHCTBYIOT O BO3MOXHOM BIHUSHUU (AKTOPOB OKPYXKAIOIIEH
Cpezpl Ha 3J0POBbE HACEIICHUS.

Krouesvie crosa: 3arpsizHenue atMoc(epHOro Bo3ayxa, 3a0ojieBaeMocTh, PMa s, PMjq,
METEOPOJIOrHUECKUEe (PaKTOPHI.
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