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Abstract

Background and Obijective: Appropriate lighting is one of the most valuable factors
in optimizing physical conditions in workplaces, especially in industry, and it can
increase efficiency and product quality. Therefore, this study was conducted with
the aim of investigating the lighting condition and the factors affecting it in
industrial workshops with less than 20 people in the northeastern region of Isfahan.
Materials and Methods: This descriptive-cross-sectional study was conducted on
500 industrial workshops with less than 20 employees in the northeastern region
of Isfahan. The workshops were selected from 1000 existing workshops using a
simple random sampling method. First, the initial information about the workshops
and the factors affecting the intensity of lighting in workshops (e.g., cleanliness,
color and reflectance of surfaces, and cleanliness of windows) were recorded.
Then, the lighting was measured with a HAGNERECT model lux meter and the
standard method mentioned in the Occupational Exposure Limits Manual, Fifth
Edition. Finally, the data were analyzed using the ANOVA test, Pearson correlation
coefficient, and descriptive statistics tools.

Results: The results of measuring the lighting intensity showed that 73.6% of the
workshops had a desirable lighting condition. The minimum and maximum lighting
intensity were 65 and 1890 lux, respectively. The mean and standard deviation of
the lighting intensity were 449.2 + 321.81 lux. The average and standard deviation
of the uniformity index were also 0.72 + 0.24. There was a statistically significant
relationship between the average lighting intensity and the number of healthy
lighting sources (P=0.030), uniformity index (P=0.046), wall reflection coefficient
(P=0.001), and ceiling (P=0.001).

Conclusion: The results showed that 26.4% of small industrial workshops with a
workforce of less than 20 people in the northeast region of Isfahan were deprived
of desirable lighting conditions. The findings also indicated that the number of
healthy lighting sources, surface color, uniformity index, wall and ceiling
reflectance coefficient, cleanliness of the workplace air and lighting sources, and
the cleanliness of windows and surfaces were effective in measuring lighting
intensity.

Keywords: Indoor lighting evaluation, Industrial workshop, Lighting intensity, Lux
meter, Uniformity index
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Extended Abstract

Background and Objective

Over 58% of individuals aged 10 and older spend
half their lives at work, where lighting plays a
crucial role in health and productivity [1].
Approximately 80% to 85% of effective
communication relies on vision and adequate
workplace lighting [2-4]. In Iran, however, 18% of
workshops with over 10 workers experience
inadequate lighting conditions [5-7]. This poor
lighting can lead to fatigue and decreased
productivity, ~with studies indicating that
improvements in lighting can boost productivity by
up to 4.5% [12]. Natural light is considered the best
source for workplace illumination, and effective
lighting should prioritize uniformity, brightness,
and color [18]. Additionally, factors such as noise
combined with poor lighting contribute to errors
and discomfort among workers [21, 22]. In contrast,
good lighting is associated with increased energy,
improved mood, and greater job satisfaction [26].
Research indicates that lighting affects cognitive
functions and circadian rhythms; disruptions in
these areas can lead to health issues [31, 32]. While
studies have underscored the importance of proper
lighting in various industries [36-38], there is a
notable lack of research focusing specifically on
small workshops with fewer than 20 workers in
Isfahan. Therefore, this study aims to assess the
lighting conditions and the influencing factors in
small industrial workshops in northeastern Isfahan,
ultimately  providing valuable insights for
policymakers and occupational health experts.

Materials and Methods

This cross-sectional descriptive study assessed
lighting conditions and related factors in 500
industrial workshops (fewer than 20 workers) in
northeastern Isfahan in 2023. Workshops were
selected via simple random sampling from 1,000
total workshops, and data were analyzed using
descriptive statistics. Light intensity was measured
with a HAGNERECT lux meter, with a range of 0.1
to 200,000 lux. Initial data included surface color
and material, workshop area, number of windows,
and weather conditions. The status of lighting
sources (functional and non-functional) and their
cleanliness were examined, while wall, ceiling, and
floor cleanliness were rated on a three-level scale
(clean, streaky, dirty). The lighting uniformity index
was calculated by dividing the minimum light
intensity (Emin) by the average (Eavg). The
reflection coefficient of surfaces was determined in
two phases—one without obstacles and another
with the photometer positioned 15 cm away to
avoid shadow effects. For measuring combined
light intensity during the morning shift, a grid
method with 16 to 26 stations was used, comparing
results with standard values from the 2021
occupational exposure limits guideline. Light
intensity at worker areas was counted twice. Each
grid square size ranged from 1 to 5 meters,
depending on workshop dimensions .Accurate
photometer placement was essential to avoid
shadow interference. Measurements at three key
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stations ensured effective evaluation of local
lighting, providing insights into lighting conditions
in the area's industrial workshops.

Results

The results of light intensity measurements in
industrial workshops indicated that 73.6% of the
workshops had adequate lighting conditions. The
minimum, maximum, and average light intensities
were 65, 1,890, and 449.2+321.81 lux,
respectively. The average reflection coefficients for
the walls, floor, and ceiling were 0.42+0.08,
0.20+0.02, and 0.56x0.5, respectively. The
average number of burnt-out lamps was 1.33x0.5,
while functional lamps averaged 4.33+0.18. The
area of the workshops varied from 9 to 600 square
meters. Cleanliness assessments of the walls
showed 34.4% clean, 55.3% streaky, and 10.3%
dirty; similar results were observed for the ceilings
and floors. Regarding color, 77.9% of the
workshops used white on their walls, with white
cement being the most commonly used material at
47.7%. The average window area was reported as
3.16+13.3 square meters. Results showed that
97.6% of the days had sunny weather conditions.
The uniformity index revealed a maximum of 0.82
for CNC workshops and a minimum of 0.64 for
lathe workshops. A significant correlation was
found between light intensity and the number of
functional light sources as well as other indicators;
however, no correlation was observed between
defective sources and the floor's reflection
coefficient. Post hoc tests also indicated significant
differences between light intensity and the
conditions of pollution and wall color.

Discussion

This study evaluated lighting conditions in
industrial workshops with fewer than 20 workers in
northeastern Isfahan, revealing that most workshops
provided adequate lighting, with average levels
similar across occupational groups. The maximum
and minimum uniformity indices were observed in
CNC and lathe workshops. More light sources
improved both average lighting and the uniformity
index. A direct correlation was found between
average light intensity and the reflection
coefficients of walls and ceilings, rather than with
defective light sources or floor reflection.
Environmental factors, such as surface cleanliness
and color, also significantly impacted light
intensity. Compared to other studies, such as Gol-
Mohammadi et al. (40), which reported only 24.7%
compliance with lighting standards, this research
shows better conditions, while Gol-Mohammadi et
al. (29) found hospitals had average indoor lighting
below permissible limits. Research by Sepahi-
Zavarem et al. (41) indicated that 80% of
elementary schools met standard values, stressing
the need for ongoing assessments in industrial
settings. The reflection coefficients for walls and
ceilings were lower than standard, showing a
significant relationship between average light
intensity and the uniformity index. Additionally, the
study found an average of 1.33+0.5 burnt-out
lamps and 4.33+0.18 functional lamps, indicating
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a connection between light intensity, the number of
functional sources, air pollution, and cleanliness.
The uniformity index was above permissible limits,
while Shafiei Motlagh and Ranjbarian (11, 43)
reported average non-uniformity. Lastly, significant
differences in light intensity were related to wall
and ceiling colors, with Alizadeh et al. (9)
confirming the positive impact of white on light
levels.

Conclusion

This study showed that most industrial workshops
met lighting standards; however, 26.4% of small
workshops with fewer than 20 employees lacked

optimal lighting. Light reflection from walls and
ceilings was below recommended levels, while the
uniformity index met standards. Key factors
affecting lighting include the number of functional
light sources, surface color, and air quality. To
improve lighting, it is essential to replace burnt-out
bulbs and regularly clean fixtures. Proper
ventilation design is also crucial. Using light colors
for walls and ceilings and efficient lighting design
can enhance lighting quality in workshops. Lighting
designers should prioritize health-related lighting
quality parameters.
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