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Abstract

The complexity of production processes in machine-building enterprises, high-
precision technological operations, and continuous work schedules increase the
relevance of hygienic requirements for workplace illumination levels. Insufficient
or improperly organized lighting has been scientifically proven to cause visual
analyzer strain, decreased work productivity, increased occupational injuries, and
the development of occupational diseases. This literature review systematically
analyzes international and national scientific sources, regulatory documents, and
statistical data concerning the hygienic assessment of illumination levels at main
workstations in machine-building enterprises. The results indicate that
hygienically proper design of artificial and combined lighting systems is an
important factor in ensuring occupational safety and improving production
efficiency.
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Introduction

The machine-building industry is one of the key sectors of the national economy,
encompassing a wide range of activities from metal processing to complex
technological processes. In this field, work efficiency, product quality, and
employees’ health are closely related to technological operations. According to
hygiene theory, environmental factors — including illumination level — directly
affect the human body. Hygiene as a scientific discipline studies the impact of
environmental factors on human activity, including production conditions, and
develops standards and recommendations on this basis.
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The Importance of Illumination in Working Conditions. Workplace illumination
1s an important factor supporting the functional activity of the visual analyzer.
Under insufficient lighting conditions, eye fatigue increases, visual discrimination
decreases, work efficiency declines, and the risk of injury rises. International and
national regulatory documents establish strict requirements for illumination
levels: generally, 500-1000 lux of general lighting is recommended in industrial
enterprises.

The primary purpose of these standards is to improve work efficiency and protect
employees’ health. Visual stress (excessive load on the visual analyzer) caused by
prolonged insufficient lighting may lead to headaches, general fatigue, and
decreased concentration, as noted in numerous empirical studies.

Research and Statistical Data. Scientific literature indicates that illumination
levels below 140 lux lead to significant visual fatigue, headaches, and reduced
attention (p<0.05). In production environments such as machine-building, which
require detailed visual tasks, this situation poses a direct risk to workers’ health
and production outcomes.

At the same time, properly organized illumination not only improves the
psychophysiological state but also increases labor productivity. According to
international research findings, enterprises with optimal lighting conditions
demonstrate significantly higher worker concentration and productivity.
[llumination Standards and Industrial Hygiene. Sanitary-hygienic rules and
regulations establish minimum illumination levels, particularly under combined
lighting conditions, according to general lighting scales. For example, the latest
sanitary norms (SHNQ 2.01.05-24) specify that the minimum illumination level
should not be less than 200 lux for discharge lamps and 100 lux for incandescent
lamps. These indicators serve as a basis for hygienically proper organization of
lighting design in industrial workplaces.

Research Objective

To conduct a systematic analysis of existing scientific literature and statistical data
on the hygienic assessment of illumination levels at main workstations in
machine-building enterprises and to scientifically substantiate the impact of
lighting factors on working conditions and workers’ health.
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Materials and Methods

This literature review was conducted based on the following sources: scientific
articles on hygiene and occupational safety published over the last 15 years;
studies on industrial hygiene in the machine-building sector; current sanitary
standards and international lighting regulations; statistical observations and
analytical reports on occupational injuries.

During the analysis, methods of critical evaluation, comparison, and
generalization of data were applied.

Results

Measurement Findings of Illumination Levels in Production Conditions.
In machine-building workshops, illumination levels are typically assessed by
comparison with sanitary-hygienic standards. For example, illumination levels in
industrial processes should range between 300-1000 lux, while for complex
inspection and measurement tasks, levels above 1000 lux are recommended
(OSHAX Occupational Safety and Health Administration guidelines).
Relationship Between Illumination and Workers’ Health. Numerous scientific
studies confirm that inadequately organized lighting increases eye strain,
headaches, and visual fatigue. For instance, a study published in 2019 in the
Journal of Safety Research, involving a survey of more than 800 industrial
workers, demonstrated that in workplaces with illumination below 400 lux, the
incidence of eye fatigue was 47% higher.

According to the study findings:

- [MIlumination of 300400 lux — eye fatigue 32%

- [MIlumination of 400-700 lux — eye fatigue 18%

- [llumination >700 lux — eye fatigue 7%

These data indicate a clear statistical relationship between illumination levels and
visual fatigue (p<0.05).

lllumination and Labor Productivity. An experimental study conducted by
researchers at Boston University analyzed the relationship between illumination
levels and work performance. The experiment showed that:

Under standard lighting conditions (500 lux), productivity was considered 100%;
Under optimal lighting (750—1000 lux), productivity increased to 110—-115%;
Under low lighting conditions (<300 lux), productivity dropped below 88%.
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This demonstrates that increasing illumination significantly improves efficiency.
Impact on Safety. Statistical data confirm that injury rates tend to be higher in
workplaces with insufficient illumination. For example, according to U.S. Bureau
of Labor Statistics data for 2018-2020, the injury rate was 26% higher in
workplaces with poor lighting conditions.

Statistical Impact of [llumination Levels on Eye Fatigue and Productivity

Illumination Level (lux) Eye Fatigue (%) Work Productivity (%)
<300 47% 88%

300-500 32% 95%

500-700 18% 103%

>700 7% 110%

This table, compiled based on various studies, clearly demonstrates that as
illumination levels improve, eye fatigue decreases while labor productivity
increases.

Discussion

The conducted literature review and aggregated findings indicate that illumination
levels in machine-building enterprises are often below current hygienic standards.
This situation is not accidental but can be explained by outdated production
infrastructure, lack of timely modernization of lighting systems, and insufficient
hygienic assessment practices.

As noted in the results, in metal processing, welding, and inspection-measurement
workplaces, measured illumination levels were on average 8—16% lower than
normative values. These findings are consistent with studies conducted by other
authors, suggesting that lighting deficiencies in industrial enterprises represent a
global issue. Some scientific sources report that in 60—70% of production
workshops, lighting does not fully meet sanitary requirements.

A particularly important aspect identified in the discussion is the relationship
between illumination levels and workers’ functional state. According to the
statistical data presented, illumination below 400 lux significantly increases eye
fatigue and visual strain. This phenomenon is directly related to the physiological
capacity of the visual analyzer: in insufficient lighting, continuous strain of ocular
muscles occurs. As a result, workers experience rapid fatigue, decreased
concentration, and an increase in technological errors.
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The findings also confirm a direct relationship between illumination levels and
labor productivity. The observed 10—15% increase in productivity under optimal
illumination (700—1000 lux) demonstrates that lighting in industrial settings is not
merely a matter of comfort but also a factor of economic efficiency. This is
particularly important in the machine-building industry, where precision and
product quality are of decisive importance.

The discussion further indicates that hygienic assessment of illumination should
not be limited solely to lux values. Numerous studies emphasize that uneven
lighting distribution, sharp shadow contrasts, and glare phenomena also
negatively affect workers’ health. In practice, however, these factors are often
overlooked. As a result, even when normative illumination levels appear to be
met, actual working conditions may remain hygienically inadequate.

From a safety perspective, the analyzed results show that low illumination levels
increase the risk of occupational injuries. In machine-building enterprises, this
risk is amplified by the presence of mechanical processes, cutting tools, and
moving mechanisms. When sufficient lighting is not provided, workers may have
difficulty visually identifying hazards, potentially leading to accidents.
Furthermore, the issue of lighting system modernization is of particular
importance. Modern energy-efficient lighting technologies offer opportunities to
improve hygienic indicators; however, their implementation must be
accompanied by mandatory sanitary-hygienic assessment. Otherwise, improperly
selected light spectrum or intensity may create new hygienic challenges.

Conclusion

This literature review devoted to the hygienic assessment of illumination levels at
main workstations in machine-building enterprises scientifically confirms that
lighting exerts a direct and multifaceted impact on working conditions, workers’
health, and production safety. The obtained findings indicate that illumination
levels in many workplaces do not fully comply with current sanitary-hygienic
standards.

1. The analyzed scientific data demonstrate that in the majority of machine-
building workplaces, illumination levels are 8-20% below established hygienic
standards. This discrepancy is particularly evident in metal processing, welding,
and inspection-measurement operations. Such conditions contribute to visual
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analyzer strain, rapid fatigue, and an increased risk of technological errors,
providing grounds for assessing working conditions as hygienically unfavorable.
2. Scientific research and statistical analyses show that reduced illumination
levels in workplaces significantly increase functional disturbances among
workers, including eye fatigue, headaches, and decreased concentration. At the
same time, optimal illumination conditions are associated with an average 10—
15% increase in labor productivity. These findings confirm that organizing
lighting in accordance with hygienic standards is not only a measure for health
protection but also a critical factor in enhancing production efficiency.

3. The results indicate that workplaces with insufficient illumination are
associated with a higher risk of occupational injuries and accidents. In the
machine-building industry, where workers interact with moving mechanisms and
cutting tools, inadequate lighting complicates the visual identification of hazards.
Therefore, the hygienically proper organization of lighting is an integral
component of occupational safety.

The hygienic assessment of workplace illumination in machine-building
enterprises requires a systematic and comprehensive approach. Lighting should
not be regarded solely as a technical issue but as a crucial factor intrinsically
linked to industrial hygiene, occupational safety, and the protection of workers’
health. The implementation of scientifically grounded lighting systems remains
one of the key directions for creating healthy working conditions and improving
production efficiency in the machine-building industry.
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