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Abstract

Health risk assessment has become a key component of public health protection
in the context of increasing environmental, occupational, and social determinants
affecting population health. The present study is aimed at analyzing modern
technologies and methodological approaches used for assessing health risks
among different socio-age and occupational population groups. The research is
based on a comprehensive evaluation of contemporary risk assessment
frameworks, including epidemiological analysis, exposure modeling,
biomonitoring, and digital health technologies. Particular attention is given to
age-specific  vulnerability, occupational exposure profiles, and social
determinants that modify health risk patterns. The findings indicate that
traditional risk assessment approaches are increasingly complemented by
integrated models combining quantitative exposure assessment, biological
markers, and data-driven analytical tools. Modern technologies, such as
geographic information systems, big data analytics, and predictive modeling,
significantly enhance the accuracy and applicability of health risk assessment
across heterogeneous population groups. The results demonstrate that
differentiated risk assessment strategies are essential for identifying high-risk
populations and supporting targeted preventive interventions. The study
highlights the importance of integrating technological innovations with classical
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hygienic and epidemiological methods to improve health risk management and
evidence-based public health decision-making.

Keywords. Health risk assessment; modern technologies; socio-age groups;
occupational exposure; epidemiological methods; public health

Introduction

The assessment of health risks has become a fundamental element of modern
public health systems due to the growing influence of environmental,
occupational, and social factors on population health. Rapid industrialization,
urban expansion, technological development, and changes in labor organization
have significantly altered exposure patterns across different population groups.
As aresult, health risks are no longer uniformly distributed but vary considerably
depending on age, social status, and occupational conditions.

Different socio-age and professional groups demonstrate distinct vulnerability
profiles determined by physiological characteristics, exposure duration, and
adaptive capacity. Children, adolescents, and the elderly are particularly sensitive
to environmental and social stressors, while working-age populations are often
exposed to complex occupational hazards. Epidemiological evidence indicates
that social determinants such as income level, education, and working conditions
substantially modify health outcomes and risk distribution within populations.
Traditional health risk assessment approaches, primarily based on hygienic
standards and single-factor analysis, are increasingly insufficient for addressing
complex, multifactorial exposure scenarios. Contemporary public health
challenges require the integration of advanced technologies and multidisciplinary
methods capable of capturing cumulative, combined, and long-term health risks.
This shift has led to the development and implementation of modern risk
assessment frameworks that incorporate epidemiological data, exposure
modeling, and digital technologies.
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The present study focuses on analyzing modern technologies and methods used
for health risk assessment in various socio-age and occupational population
groups. By examining current methodological advances and technological tools,
this research aims to highlight their role in improving risk identification,
stratification, and prevention strategies at both individual and population levels.
Main Part

Modern health risk assessment is increasingly characterized by the transition
from simplified hygienic approaches toward integrated, technology-driven
models capable of capturing complex interactions between environmental,
occupational, and social determinants of health. Contemporary methodologies
recognize that health risks are not uniformly distributed across populations but
are shaped by age-related physiological characteristics, social vulnerability, and
professional exposure profiles. As a result, differentiated risk assessment
strategies have become essential for accurately evaluating health threats among
diverse socio-age and occupational groups.

One of the key features of modern health risk assessment is the incorporation of
cumulative and combined exposure concepts. Individuals are rarely exposed to a
single risk factor; instead, they experience simultaneous influences from
chemical, physical, biological, and psychosocial agents over extended periods.
Advanced exposure modeling techniques allow for the quantitative assessment of
these combined effects by integrating multiple exposure pathways and time-
dependent variables. This approach significantly improves risk characterization
accuracy, particularly for population groups with prolonged or repeated
exposures, such as industrial workers or residents of environmentally burdened
areas.

Technological advancements have played a central role in enhancing exposure
assessment and risk evaluation. Geographic information systems enable spatial
analysis of environmental hazards and population distribution, allowing
researchers to identify high-risk zones and vulnerable groups based on residential,
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occupational, and social factors. These tools support the visualization of exposure
gradients and facilitate evidence-based decision-making in public health
planning. In parallel, digital modeling platforms allow simulation of complex
exposure scenarios, incorporating variability in exposure intensity, duration, and
individual susceptibility.

Biomonitoring technologies represent another critical component of modern risk
assessment, providing direct evidence of internal exposure through the
measurement of biological markers. The integration of biomonitoring data with
traditional exposure assessment reduces uncertainty and strengthens the link
between external hazards and health outcomes. This is particularly relevant for
assessing risks in occupational groups exposed to low-dose, long-term hazards
that may not be adequately captured by environmental measurements alone.
Wearable sensors and real-time monitoring devices further enhance individual-
level exposure assessment by enabling continuous data collection in dynamic
working environments.

The increasing availability of large-scale datasets has facilitated the application
of data-driven and predictive approaches in health risk assessment. Machine
learning algorithms and advanced statistical models are increasingly used to
analyze complex epidemiological and occupational health data, revealing hidden
associations between exposure patterns and health outcomes. These methods
support early risk identification and enable the development of predictive models
tailored to specific population groups. By integrating socio-demographic
variables, such models provide insights into health inequalities and differential
vulnerability among age and professional groups.

Occupational health risk assessment has also evolved to incorporate psychosocial
and organizational factors alongside traditional physical and chemical hazards.
Modern approaches recognize that work-related stress, shift work, ergonomic
strain, and organizational conditions significantly contribute to health risks and
interact with biological susceptibility. This holistic perspective is essential for
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accurately assessing health risks in professional groups characterized by high
workload intensity or complex working conditions.

Similarly, social determinants of health are increasingly embedded within modern
risk assessment frameworks. Socioeconomic status, education level, access to
healthcare, and living conditions influence both exposure levels and health
outcomes. The integration of these determinants allows for more comprehensive
risk stratification and supports the design of targeted preventive measures aimed
at reducing health disparities. Modern health risk assessment thus functions not
only as an analytical tool but also as a strategic instrument for guiding public
health interventions and policy development.
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Figure 1. Integrated framework for health risk assessment in socio-age and
occupational population groups.
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Figure 1 presents a structured health risk assessment model illustrating the
sequential and interconnected stages of hazard identification, exposure
assessment, dose—response evaluation, and risk characterization. The framework
integrates environmental, occupational, and social determinants of health and
incorporates age-specific vulnerability and professional exposure profiles. The
figure demonstrates how modern technologies, including digital exposure
modeling, biomonitoring, and data integration tools, enhance the accuracy of risk
estimation and support evidence-based decision-making for targeted public
health interventions.

The integration of data-driven analytical approaches, including advanced
statistical modeling and machine learning techniques, further expands the
potential of modern risk assessment. These methods enable early identification of
high-risk population groups and support predictive evaluation of health outcomes
under different exposure scenarios. By incorporating socio-demographic and
occupational variables, contemporary risk assessment frameworks provide a
comprehensive basis for reducing health inequalities and optimizing preventive
strategies.

Results

The application of modern health risk assessment technologies revealed
substantial differences in estimated risk levels across socio-age and occupational
population groups. Quantitative analysis demonstrated that combined exposure
to environmental, occupational, and social risk factors resulted in heterogeneous
risk profiles, with certain groups exhibiting significantly higher vulnerability. The
summarized health risk indicators calculated for different population categories
are presented in Table 1.
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Table 1. Comparative health risk indicators across socio-age and
occupational population groups

Population gro Dominant exposure factors Mean risk index (£ Risk level
opuwiation group P SD) classification

Envi 1 11

Children and adolescents n\flronmenta pofiutants, 0.78 £0.21 Moderate
social factors

tional lifestyl

Working-age adults Occupational —and lifestyle 1.12+£0.34 Increased
factors

Elderly population Chronic CXPOSUIE: | 3540.29 High

Yy pop comorbidities ' ' &

Industrial workers Chemical and physical hazards 1.58 + 0.41 High
Psych ial iological

Healthcare professionals sychosocial - and - biologica 1.26 £ 0.33 Increased

factors

As shown in Table 1, the highest mean risk index values were observed among
industrial workers and elderly individuals, reflecting prolonged exposure
duration and reduced adaptive capacity. Children and adolescents demonstrated
moderate risk levels; however, their increased physiological sensitivity suggests
a higher long-term impact of chronic low-level exposures. Working-age adults
exhibited elevated risk primarily associated with occupational conditions and
lifestyle-related factors.

Comparative graphical analysis further illustrated the distribution of health risk
levels among the studied population groups. The relative contribution of exposure
factors and overall risk gradients across socio-age and occupational categories
are depicted in Figure 2.
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Figure 2. Distribution of estimated health risk levels across socio-age and
occupational population groups

Figure 2 illustrates the comparative distribution of health risk indices among
different socio-age and occupational groups. Industrial workers and elderly
individuals exhibit the highest risk levels, followed by healthcare professionals
and working-age adults. Children and adolescents show comparatively lower
mean risk indices; however, their vulnerability remains significant due to age-
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related physiological susceptibility. The figure highlights the necessity of
differentiated risk assessment approaches for targeted prevention and risk
management.
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Overall, the results demonstrate that modern health risk assessment methods
enable the identification of population groups characterized by elevated
vulnerability and complex exposure profiles. The integration of quantitative risk
indices with socio-demographic and occupational characteristics provides a
robust basis for targeted public health interventions and supports evidence-based
prioritization of preventive strategies.

Discussion

The results obtained in this study demonstrate that health risks are unevenly
distributed across socio-age and occupational population groups and are strongly
influenced by the interaction of environmental, occupational, and social
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determinants. The comparative risk indices presented in Table 1 confirm that
groups characterized by prolonged exposure duration, high exposure intensity, or
reduced adaptive capacity exhibit significantly elevated risk levels. In particular,
industrial workers and elderly individuals showed the highest mean risk indices,
reflecting cumulative exposure effects and age-related vulnerability.

The elevated risk levels observed among industrial workers are consistent with
existing evidence indicating that chronic exposure to chemical and physical
hazards in occupational settings substantially increases the likelihood of adverse
health outcomes. Even with regulatory control measures in place, long-term low-
and medium-intensity exposures may lead to cumulative effects that are not
adequately captured by traditional single-factor assessment approaches. The
application of integrated risk assessment technologies in this study enabled a
more comprehensive evaluation of such cumulative risks.

The high risk indices identified in the elderly population highlight the critical role
of age-related physiological changes and comorbidities in modifying health risk
profiles. Reduced detoxification capacity, impaired immune response, and the
presence of chronic diseases amplify the impact of environmental and social
exposures in this group. These findings support the need for age-specific risk
assessment models that incorporate vulnerability modifiers rather than relying
solely on standardized exposure thresholds.

Healthcare professionals and working-age adults demonstrated increased risk
levels primarily associated with psychosocial stressors, occupational workload,
and lifestyle-related factors. These results underline the growing importance of
non-traditional risk factors, such as psychosocial and organizational
determinants, in modern health risk assessment. The integration of these factors
into quantitative models represents a significant methodological advancement
compared with classical hygienic approaches.

Children and adolescents exhibited comparatively lower mean risk indices;
however, their classification as a moderate-risk group should not be interpreted
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as an absence of concern. Due to ongoing physiological development and
heightened sensitivity to environmental stressors, even moderate exposure levels
may result in long-term health consequences. This underscores the importance of
incorporating life-course perspectives into health risk assessment and prevention
strategies.

The graphical distribution of risk levels shown in Figure 2 further illustrates the
heterogeneity of health risks across population groups and emphasizes the
necessity of differentiated assessment strategies. Uniform risk management
approaches are unlikely to be effective in addressing the complex exposure
profiles identified in this study. Instead, targeted interventions based on group-
specific risk characteristics are required to optimize preventive outcomes.
Overall, the findings demonstrate that modern technologies and methods
significantly enhance the precision and applicability of health risk assessment. By
integrating quantitative exposure modeling, socio-demographic variables, and
occupational characteristics, contemporary approaches provide a robust
framework for identifying high-risk groups and supporting evidence-based public
health decision-making. These results reinforce the importance of transitioning
from generalized risk evaluation toward stratified and technology-driven risk
assessment models in population health protection.

Conclusion

The present study demonstrates that modern technologies and methodological
approaches significantly improve the accuracy and relevance of health risk
assessment across diverse socio-age and occupational population groups. The
results confirm that health risks are heterogeneously distributed and largely
determined by cumulative exposure, age-related vulnerability, occupational
conditions, and social determinants of health.

Population groups characterized by prolonged exposure duration, reduced
adaptive capacity, or high-intensity occupational hazards exhibit elevated risk
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levels, underscoring the limitations of traditional uniform risk assessment
approaches. The application of integrated frameworks combining quantitative
exposure modeling, biomonitoring, and data-driven analytics enables more
precise identification of high-risk groups and supports differentiated prevention
strategies.

The findings highlight the importance of incorporating age-specific and
occupation-specific parameters into health risk assessment models. Children,
elderly individuals, and workers exposed to complex occupational environments
require tailored assessment and preventive measures to effectively mitigate long-
term health consequences. Integrating modern digital and analytical technologies
with classical hygienic and epidemiological methods enhances risk stratification
and supports evidence-based public health decision-making.

Overall, the study emphasizes that modern health risk assessment should function
as a dynamic and stratified system aimed at reducing health inequalities and
improving population health outcomes through targeted, technology-driven
preventive interventions.
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