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Abstract

In mechanical processing workshops, the efficiency of labor processes and workers’ health largely
depend on environmental factors, including illumination levels. This literature review analyzes the
hygienic significance of natural and artificial lighting, their compliance with regulatory requirements
in mechanical processing operations, and their impact on the activity of the visual analyzer. Based on
statistical and experimental data presented by the World Health Organization (WHO), the
International Labour Organization (ILO), and leading scientific sources in industrial hygiene, it has
been scientifically substantiated that insufficient illumination increases the risk of visual fatigue,
occupational injuries, and production errors. The literature analysis demonstrates that combined
(natural + artificial) lighting systems represent the most hygienically optimal solution for mechanical
workshops.

Keywords: mechanical processing, illumination, natural light, artificial lighting, hygienic
assessment, industrial hygiene, visual strain, working conditions

Introduction

Workplace illumination is not merely the level of brightness within a building but one of the key
factors directly affecting the human visual system, labor productivity, and overall worker health.
Approximately 90% of information perceived by humans is obtained through vision; therefore, poor
visual environments significantly hinder performance efficiency.

In mechanical processing workshops (such as turning, milling, and drilling operations), tasks often
involve small components and high-precision procedures. These operations require intensive visual
functions, including accuracy, contrast discrimination, and frequent focal adjustments. Performing
visually demanding tasks under insufficient or inappropriate lighting not only increases visual fatigue
but also elevates the risk of technological errors and injuries.

Hygienic requirements for illumination are closely linked to the protection of workers” health and the
reduction of production errors and are regulated by established occupational safety standards.
Inadequate lighting increases eye strain, and prolonged visual stress may lead to headaches, ocular
dryness, and slowed focal adaptation—negatively affecting productivity and technological reliability.
Scientific studies indicate that improving visual conditions in production settings enhances task
accuracy and quality. For example, in metalworking industries, optimal lighting conditions reduce
operational errors and improve visual precision.
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Natural illumination positively influences biological rhythms, including circadian rhythms, reducing
fatigue during the day and stabilizing workers’ psychological state. However, in mechanical
workshops, the variability of natural light and its dependence on seasonal and climatic conditions do
not guarantee consistently adequate visual conditions. Therefore, the strategic implementation of
artificial lighting systems becomes essential.

Artificial lighting, depending on lamp placement, light intensity, and spectral characteristics, can
significantly improve the visual quality of workplaces. Modern research shows that LED-based
lighting technologies enhance visual comfort and reduce strain under industrial conditions through
improved light control and spectral optimization.

Research Objective

To conduct a systematic analysis of existing scientific literature on the hygienic assessment of natural
and artificial illumination in mechanical processing workshops and to scientifically substantiate the
impact of lighting factors on working conditions and workers’ health.

Materials and Methods

This literature review was conducted based on the following sources: Reports of the World Health
Organization (WHO) and the International Labour Organization (ILO); Articles published in
international scientific journals on industrial hygiene and occupational physiology; Sanitary rules and
norms regulating illumination standards (Sanitary Rules and Regulations).

During the analysis, illumination levels, indicators of visual strain, occupational injury statistics, and
labor productivity data were evaluated using a comparative and methodological approach.

Results

Comparative Analysis of Visual Conditions under Natural and Artificial Illumination. In mechanical
processing workshops, illumination levels directly affect work efficiency and visual performance.
When workplace lighting is insufficient, eye strain increases and visual fatigue intensifies, thereby
elevating the likelihood of technological errors and occupational injuries. Studies indicate that in
workplaces failing to meet illumination standards, 58.4% of workers express dissatisfaction with
production conditions, negatively affecting productivity and job satisfaction.

Table 1. Workers’ Perception of Workplace Illumination Conditions

Level of Satisfaction with Illumination | Share of Workers (%)
Dissatisfied 58.4
Partially satisfied 23.7
Satisfied 17.9

These findings demonstrate the direct negative impact of inadequate lighting on performance. In
mechanical workshops, random or poorly organized lighting affects work quality, precision, and
safety; therefore, strict compliance with illumination standards is hygienically essential.

Scientific and Statistical Evidence on Illumination and Workers’ Health. Workplace illumination
conditions are widely recognized as a significant determinant of individual health outcomes. Research
shows that working in poorly lit environments substantially increases eye fatigue, headaches, and
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visual stress. Mechanical production processes typically require high precision; therefore, reduced
visual performance heightens the risk of technological errors and injuries.

Ergonomic studies have further demonstrated that illumination quality influences visual comfort,
safety, and productivity. Proper lighting conditions contribute to sustained concentration and reduced
functional strain during prolonged tasks requiring detailed visual attention.

Physical Measurements of Illumination and Hygienic Criteria. According to international standards
and ergonomic research, operations requiring precise visual attention—such as mechanical
processing—should ensure object-surface illumination levels of at least 300-500 lux. This range
minimizes visual fatigue and maintains optimal visual acuity.

The ergonomic design of artificial lighting systems, including color rendering indices and luminaire
placement, plays a crucial role in improving working conditions. Illumination indicators are used to
evaluate the accuracy of task performance, visual comfort, and safety within production
environments.

Combined Effects of Natural and Artificial Illumination. Natural daylight positively affects biological
rhythms, including circadian regulation, thereby reducing fatigue and supporting overall well-being.
However, artificial lighting is essential when natural illumination is insufficient, particularly in
enclosed mechanical workshops.

When natural and artificial lighting systems are effectively combined, several positive outcomes are
observed: Reduction in errors during visually demanding tasks; Decrease in workers’ stress levels;
Improvement in occupational safety and operational reliability.

These findings confirm that a balanced, combined lighting strategy represents the most hygienically
and functionally appropriate approach in mechanical processing environments.

Discussion

The conducted literature analysis once again confirms that illumination levels in mechanical
processing workshops represent one of the key hygienic factors determining working conditions. The
presented findings indicate that in production environments failing to meet illumination standards,
workers demonstrate significantly higher levels of visual strain, eye fatigue, and subjective
dissatisfaction with working conditions. These observations are fully consistent with previous studies
in industrial hygiene and ergonomics.

Relationship Between Illumination Level and Visual Strain. As identified in the results, when
illumination levels in mechanical workshops fall below 300 lux, signs of visual strain (ocular burning
sensation, rapid fatigue, headaches) increase sharply. This phenomenon can be explained by the
constant compensatory tension of the visual analyzer. When working with small components, the
eyes operate continuously in a high-precision mode; under insufficient lighting, the visual apparatus
functions near the limits of its physiological capacity.

These conclusions align with international ergonomic lighting research, where inadequate
illumination is recognized as a primary contributor to visual stress. Therefore, hygienic assessment
in mechanical workshops should consider not only general lighting levels but also localized
illumination at the task surface.

Advantages and Limitations of Artificial Lighting. The discussed findings show that artificial lighting
plays a dominant role in mechanical processing workshops. Its primary advantage lies in stability and
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controllability. Unlike natural daylight, artificial lighting is less dependent on external environmental
factors and ensures continuity of the work process.

However, literature analysis indicates that improperly organized artificial lighting—uneven light
distribution, glare effects, or low color rendering index—may exacerbate visual strain rather than
reduce it. This situation is particularly common when outdated fluorescent lamps or improperly
positioned LED luminaires are used.

Biological Significance of Natural Illumination. The results demonstrate that natural lighting
positively influences workers’ overall functional state. Daylight stabilizes circadian rhythms,
improves psycho-emotional well-being, and reduces general fatigue levels. From a hygienic
perspective, optimal window placement and maximum utilization of natural light in mechanical
workshops are therefore advisable.

Nevertheless, the reviewed scientific sources unanimously emphasize that natural illumination alone
cannot ensure adequate visual conditions in mechanical production settings. Seasonal and climatic
variations, building design, and workshop depth limit the consistency and sufficiency of daylight.
Hygienic Superiority of Combined Lighting Systems. A key conclusion emerging from the discussion
is the superiority of combined (natural + artificial) lighting systems. Scientific literature and statistical
analyses indicate that such an approach enhances visual comfort, reduces production errors, and
improves workers’ satisfaction with working conditions.

These conclusions correspond with the concepts of optimizing working conditions promoted by the
World Health Organization (WHO) and the International Labour Organization (ILO).

Conclusion

The analysis of scientific literature and statistical data demonstrates that illumination in mechanical
processing workshops is a crucial hygienic factor shaping working conditions. Insufficient provision
of natural and artificial lighting is closely associated with increased visual strain, reduced
productivity, and compromised occupational safety.

1. The findings indicate that under non-compliant illumination conditions in mechanical workshops,
continuous strain of the visual analyzer occurs. This manifests as visual fatigue, headaches, and
decreased concentration, increasing the risk of errors in high-precision technological operations.
Statistical evidence confirms a direct relationship between insufficient lighting, reduced production
efficiency, and workers’ dissatisfaction with working conditions.

2. Literature analysis shows that natural illumination is biologically optimal, positively influencing
psycho-emotional status and circadian rhythms. However, due to structural, climatic, and seasonal
limitations, daylight alone is often unstable and insufficient. Artificial lighting provides
controllability but, when improperly designed, may produce glare and uneven illumination, leading
to adverse hygienic consequences.

3. Based on the results and discussion, combined lighting systems (natural and artificial) emerge as
the most appropriate hygienic solution. Such systems enhance visual comfort, reduce visual strain,
and decrease the risk of production errors and injuries. This conclusion aligns with recommendations
issued by the World Health Organization and the International Labour Organization regarding
occupational hygiene standards.
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4. Overall, the hygienic assessment and optimization of illumination in mechanical processing
workshops constitute an integral component of worker health protection, productivity enhancement,
and occupational safety assurance. Strict adherence to hygienic standards and the application of

scientifically grounded approaches in lighting design and modernization remain essential priorities.
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