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ABSTRACT 
Lighting is a key element of design that plays a significant role in affecting workers’ health and safety in industrial 
workspaces. Given the scarcity of scientific studies addressing visual environments in relation to workers health in 
industrial buildings, this field study was conducted to explore workers' responses to multiple lighting scenarios inside 
production halls on their occupational health and safety in six factories in Sadat City, Egypt. Self-assessments of 456 
factory workers during day and night shifts were collected and correlated to light measurements collected at the 
factories. The statistical analysis of data revealed a significant reduction in workers reporting eye strain, alleviating 
headaches, and enhancing the ability to concentrate under daylight conditions compared to mixed and/or artificial 
lighting conditions. Moreover, it was found that lighting levels lower than 140 lux led to visual fatigue(p=0.03), 
headaches (p=0.014), drowsiness (p=0.004), and rapid loss of concentration (p=0.149) among workers. Poor lighting 
was shown to increase the likelihood of making occupational errors. Despite the health benefits of natural light 
compared to artificial lighting, glare from sunlight can sometimes cause headaches. This study emphasizes the 
importance of improving lighting quality in production halls within industrial environments, as it is a crucial factor in 
maintaining the health and safety of workers and enhancing professional performance. 
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1. INTRODUCTION 
Recently, human health, safety, and productivity have become a 
major focus of indoor lighting research [1]. Human health is 
affected by light through both visual and non-visual systems [2]. 
Light influences not only vision but also circadian rhythm, 
hormone secretion, and levels of alertness and attention. These 
effects, known as non-image forming effects (NIFs), are mediated 
by melanopsin-sensitive retinal ganglion cells (ipRGCs) and play 
a pivotal role in regulating sleep-wake rhythms and circadian 
activity levels. Medical research has shown that light stimulates 
the brain's internal timing systems [3], directly impacting physical 
and emotional health and the sleep-wake cycle [4-5]. In the 

absence of natural light, artificial lighting becomes crucial to 
ensuring adequate vision and visual comfort [1,5]. Lighting also 
affects the hormones melatonin and serotonin, leading to effects 
on sleep, mood, and blood pressure [6-8]. On the other hand, light 
influences the visual systems, whereby improper lighting design 
can cause headaches, eye strain, interference with circadian 
rhythms, and falls [2,9]. The results of a study [10], in which 
researchers examined the visible and invisible effects of light 
within work cells, with measurements made at work surfaces and 
operators' eye level, revealed that lighting values that met 
regulatory standards provided good support for circadian rhythms.  

In the context of day/night shift workplaces, social jet lag is a 
disorder that can have serious implications for people's health and 
well-being. It is a consequence of modern work patterns that cause 
misalignment between circadian and social and cultural clocks of 
modern work patterns that cause a mismatch between circadian 
and sociocultural clocks [11-12]. While most lighting studies have 

 
*Corresponding author. 
daliaabdelfatah@azhar.edu.eg (D. Abdelfattah) 
sahar.abdalrahman@dmu.ac.uk (S. Abdelwahab) 
pac_zak@yahoo.com (M. Z. Eldars) 
msm@azhar.edu.eg (M. S. Mayhoub)  

OPEN ACCESS 

Journal of Daylighting 

Journal homepage: www.solarlits.com/jd 

 

 
 

https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.15627/jd.2025.26
https://dx.doi.org/10.15627/jd.2025.26
mailto:daliaabdelfatah@azhar.edu.eg
mailto:sahar.abdalrahman@dmu.ac.uk
mailto:pac_zak@yahoo.com
mailto:msm@azhar.edu.eg
https://solarlits.com/jd/
https://crossmark.crossref.org/dialog/?doi=10.15627/jd.2025.26&domain=pdf


D. Abdelfattah et al.  Journal of Daylighting / Volume 12, Issue 2 / 12 October 2025 421  

2383-8701/© 2024 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/). 

focused on office, school, and healthcare environments, industrial 
settings are still overlooked by a lack of research on the impact of 
lighting on worker health and safety [13-16]. This represents a 
clear research gap that warrants further study, especially since 
these environments require high visual performance and rapid 
response.  

Factory systems are highly personal environments, involving 
direct interactions between workers, production lines, and 
machinery. Workers' tasks range from operation, monitoring, 
manual inspection, and assembly, all of which require clear vision 
and rapid response to changes. Given the continuous nature of 
industrial operations in many factories, work systems often rely on 
shifts, including night shifts, to ensure continuous production. In 
this context, artificial lighting becomes the primary source of light, 
especially during the night hours, making its quality a critical 
factor in supporting visual performance and mental alertness. In 
this context, there is a need to carefully study the impact of lighting 
conditions on workers to ensure they are compatible with the 
requirements of night work. This reduces the likelihood of 
problems related to reduced visual efficiency or decreased 
attention, which may result in errors, fatigue, drowsiness, and 
headaches, all of which affect performance and occupational 
safety in the factory environment. Studies have shown that night 
shift work is associated with circadian disruption, which impacts 
physical and mental health [17-18]. Night shifts force workers to 
sleep and work at times that are inconsistent with their circadian 
rhythms, disrupting melatonin production and its regulatory 
functions [19-22]. As such, lighting plays a pivotal role in this 
context, as its timing, intensity, and spectrum affect non-visual 
photoreceptors (ipRGCs). This suggests that lighting patterns can 
disrupt sleep and increase drowsiness, which can negatively 
impact on workers' health and safety. 

Recently, research studies have focused attention on nighttime 
lighting design. For example, Figueiro et al. (2016) indicated that 
exposure to red light during night shifts may enhance alertness and 
performance without inhibiting melatonin secretion, unlike white 
light, which improves performance but disrupts circadian rhythms 
[23]. Another study [24] also indicated that workers' exposure to 
intense light in the morning and before their lunch break (1440 lux 
compared to 70 lux) increased their sense of alertness during work, 
especially in the afternoon. A study by Sadeghniiat-Haghighi [19] 
also showed that exposing night shift workers to bright light 
(~2500 lux) during their break reduced drowsiness by 22% 
compared to average lighting (300 lux), indicating the 
effectiveness of bright light in improving alertness during 
extended work shifts. Regarding visual effects, numerous studies 
have demonstrated the effective role of lighting in reducing 
accidents and visual illnesses in the workplace in general, as well-
designed lighting reduces the number of occupational accidents 
and eye diseases [25]. Insufficient lighting in the workplace can 
contribute to worker fatigue [17], disturb occupants, and affect 
their visual performance in general tasks [26]. Moreover, 
insufficient lighting has been shown to cause eye strain and 
discomfort due to glare and flicker  [27-28], as well as eye 

irritation, blurred vision, and headaches [29]. Previous research 
examined the effect of indoor lighting on eye strain and headaches 
among 100 workers in a Slovakian factory. The results concluded 
that lighting conditions, whether high, low, or too bright, affect eye 
function and cause eye strain [1]. Furthermore, the potential for 
workplace accidents caused by glare was identified [20]. 

The evidence suggests a potential relationship between lighting 
conditions in industrial work environments and workers' 
perception, performance, and the likelihood of accidents and 
visual stress. However, understanding of this relationship remains 
limited due to a lack of rigorous research. To date, 
recommendations for determining the appropriate lighting quality 
for shift workers are still under development  [20,30]. Additionally, 
given the prevalence of night work in large sectors [18], the need 
for lighting solutions that combine visual and non-visual effects is 
increasing, a concept known as "integrated lighting" as defined by 
the International Commission on Illumination [31]. In this regard, 
lighting recommendations for luminous quantities (visual effects) 
and melanopic (non-visual effects), were reviewed in the 
following sections. 

Visual effects: The recommendations set by the Egyptian Code 
for Lighting in the Work Environment are a minimum of 300 lux 
in assembly shops and 500 lux in precision industries [32]. This is 
consistent with the recommendations of the Chartered Institute of 
Building Services Engineers (CIBSE) and the Illuminating 
Engineering Society of North America (IESNA) for a minimum of 
500 lux on the work surface in office environments. According to 
European standard EN 12464-1:2021 [33], lighting requirements 
for industrial assembly tasks are determined based on their 
precision, recommending an illumination of at least 300 lux for 
coarse collection, 500 lux for medium collection, and up to 1000 
lux or more for fine-grained tasks. Moreover, it is required to 
maintain uniformity and a color rendering index (CRI) of at least 
80 [10]. The standards also stipulate that the minimum 
illumination requirement may be increased in the event of poor 
natural light, high visual resolution requirements, or prolonged 
task duration. 

Non-visual effects: To achieve the term "integrated 
illumination," specific metrics have been proposed to quantify the 
degree of light-induced stimulation of the non-visual system, 
complementing the traditional light quantities already in use. 
Currently, there are two main metrics: 

The first is the Circadian Stimulus (CS), developed by Marina 
Figueiro  [34], which measures the human response to light 
through the melatonin suppression ratio. It recommends exposure 
to high levels of light during the day (CS ≥ 0.3) [35], particularly 
in the morning hours, to promote regulation of the circadian 
rhythm and improve alertness and mood, while minimizing 
exposure to high-melanopic light in the evening to avoid sleep 
disturbances. 
The second is the Melanopic Equivalent Daylight Illuminance 
(mel-EDI), an internationally recognized metric defined by the 
Commission International on Illumination in CIE S 026:2018. 
(CIE) [36], as well as the WELL Building Standard V.1, developed 
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by the International Building Institute (IWBI) in New York, USA 
in 2014 [37], recommends exposure to at least 250 lux of 
melanopic illumination (EDI) at eye level during daylight hours. 
Mel-EDI is a SI-compliant measure based on the spectral response 
of the light-sensitive pigment melanopsin. This measure is defined 
as the luminous intensity produced by irradiance equivalent to 
standard daylight (D65), which produces the same level of 
melanopic stimulation as the light source under consideration [38]. 
 
2. STUDY AIM 
This study postulates that lighting characteristics could influence 
the health and safety of workers. The aim of this study is to 
investigate the effects of lighting characteristics of indoor lighting, 
i.e., daylight from natural, natural and artificial sources and 
nightlight from artificial sources—on the health and safety of 
workers in industrial environments (i.e., factories). The following 
hypothesis is put forward: 

1. There is a correlation between lighting characteristics and 
workers' safety related to workplace errors or injuries 

2. There is a correlation between lighting characteristics of 
lighting illuminance and color temperature, versus workers' 
physiological health related to eye fatigue and strain, 
headache, drowsiness, and loss of concentration and their 
operational safety, identified by the number of errors or 
injuries at work. 

To achieve the study aim, a set of objectives was set as follows: 
1. Evaluating the extent to which lighting conditions in 

industrial work environments affect workers' physiological 
health by gathering workers' experiences of eye strain, 
headache and drowsiness during day and night light shifts. 

2. Evaluating the extent to which lighting conditions in 
industrial work environments affect workers' safety by 
gathering workers' feedback on the number of errors or 
injuries at work. 

 
3. METHODOLOGY 
The lead author of this paper is conducting a doctoral study on 
workers' responses to indoor lighting. A field study was designed 
to investigate the effects of indoor lighting on workers' visual and 
non-visual responses in industrial workplaces. This paper presents 
the scope of the project, focusing on the health and safety of 
workers.  

A field study was conducted in Sadat City, Egypt, an industrial 
city with a hot-dry climate, located at 30.4182° latitude, 30.5747° 
longitude, 30° 25′ 6″ north latitude, and 30° 34′ 29″ east longitude. 
To fulfil the research aim, a survey was used to collect workers’ 
responses. The survey method has been widely used in indoor 
lighting research and subjective visual responses [39-40]. 

Both the self-assessment and illumination measurements were 
conducted in mid-February 2023. To better understand the 
relationship between lighting and workers' health and operational 
safety measures under seasonal changes, the self-assessment was 
repeated during the summer of the same year. Lighting 
measurements of illuminance (horizontal-vertical), Correlated 

Color Temperature (CCT), and Color Rendering Index (CRI) were 
collected at various times during night and day shifts. The study 
sample and case studies were selected based on criteria explained 
in the following sections. 
 
3.1. Case studies 
A set of selection criteria was imposed to facilitate the robustness 
of the data and generalization of the findings, as shown below: 

1. The industrial buildings should be in similar climatic 
regions to reduce external variability in climatic conditions 
and study population sample, while ensuring the reliability 
of data with a sufficient sample size. 

2. The field includes spaces that rely on daylighting and/or 
mixed lighting (natural and artificial) during day shifts, as 
well as artificial lighting during night shifts. 

3. The case studies should be production halls, where workers 
spend periods of no less than 8 hours during day and night 
shifts- for six days a week, to count sufficient exposure time 
and ensure the reliability of subjective responses under 
day/night shifts. 

4. Factories with precision industries that require special 
lighting standards were excluded. 

5. Accessibility of data collection at various times of the day 
(morning, noon, and evening), approved by the responsible 
administrative authority. Additionally, the availability of 
data and information related to workers, productivity, and 
error rates after approval by the administrative authority 
responsible. 

Based on the criteria mentioned above, six case studies were 
selected. Figures 1-6 shows the case studies, with each figure 
including (a)floor plan, (b) production Hall internal view, and (c) 
external view). Table 1 summarizes the details of the selected case 
studies, zone, type of industry, and the type of light source(s) 
available in production halls. 
 
3.2. Light measurements 
A GL SPECTIS 1.0 touch spectrometer was used to measure 
illumination levels (horizontal and vertical), correlated color 
temperature (CCT), and color rendering index (CRI) during 
daytime. To record horizontal illuminance (Eh), the spectrometer 
was mounted horizontally at the level of the workers' work surface 
(0.9–1.2 m). The spectrometer was oriented vertically to monitor 
the vertical illuminance (Ev) toward the workers' eyes [41-42]. 
Equivalent melanopic illuminance (EML) and equivalent daylight 
illuminance (E-MDI) values were calculated. These values were 
recorded at each worker's position as shown in Table 1. Light 
measurements were collected for two lighting scenarios: 1) natural 
lighting, i.e., a combination of natural and artificial lighting during 
the daytime, and 2) artificial lighting during the night shift. The 
measurement points were based on the workers' locations in each 
factory.  
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3.3. Questionnaire design and administration 
The design of the questionnaire was based on workers' self-
assessment of the impact of indoor lighting on their health and 
operational safety at work. The original questionnaire was divided 
into 24 questions, exploring visual and non-visual responses to 
light. This research presents a section of the questionnaire focused 
on health and safety. Nine questions (listed in Table 2) were used 
after the demographic questions, based on workers' self-
assessment of the likelihood of errors and injuries at work, or 
experiencing eye fatigue, headaches, drowsiness, and loss of 
concentration. The questionnaire questions were derived from 
previous studies on health and operational safety [1,29,43] and 
initially developed in English and subsequently translated into 
Arabic by a professional translator. To ensure accuracy, the 
translation was reviewed and then back translated into English by 
a second translator. 
  
3.4. Participants 
The following criteria were applied to select participants: 

1. Participants must be from the category of workers who 
spend at least 8 full hours in the production halls. 

2. The workers must not suffer from any visual, health, or 
psychological problems that could affect their responses. 

3. The workers must have worked in the factory for at least 
two months to ensure adaptability and proper time exposure 
to the existing light conditions. 

4. The workers must agree to conduct the questionnaire at all 
times specified by the study during the day, following the 
approval of the administrative body responsible. 

The number of participating workers was determined using the 
Krejcie & Morgan equation for limited communities, such as the 
community of workers in factories in general [44]. The following 
Eq. (1) was applied: 

𝑛𝑛 =  𝑧𝑧2 𝑝𝑝(1−𝑝𝑝)
𝑑𝑑2

     (1) 
where: 
𝑑𝑑: The error rate that can be exceeded, with a maximum value of 
0.05. 
𝑧𝑧: The standard deviation corresponds to a 95% confidence level 
and to an allowable error of 0.05, which is equal to 1.96. 
𝑝𝑝: The response rate, which represents the population density, is 
equal to 0.5. 
𝑛𝑛: The minimum size to calculate the sample size of the study 

When substituting in this equation, it resulted in a minimum 
sample size of 385 subjects.  

In total, 456 factory workers in day and night shifts were 
recruited, (Table 3). Participants' ages ranged from 19 to 39 years 
(mean =30.45). No visual problems or severe health problems 
were reported. 
 
3.5. Layout of worker distribution within production 
halls 
The nature of the workforce within the factories under study varies 
depending on the type of industry and production lines. However, 
the general pattern shows a recurrence of specific job categories,  

 
Fig. 1. Case study 1, (a) floor plan, (b) production hall internal view, and(c) external view. 
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Fig. 2. Case study 2, (a) floor plan, (b) production hall internal view, and(c) external view. 
 

 
Fig. 3. Case study 3, (a) floor plan, (b) production hall internal view, and (c) external view. 
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including operators, assemblers, quality inspectors, and packaging 
workers.  Fig. 7. shows the layout of workers within the production 
halls in the case studies. In the first three factories (cases 1–3), 

which specialize in the manufacture of metal chassis, workers are 
stationed around large U-shaped worktables, working in 
collaborative teams at various stages, such as bending, assembly, 

 
Fig. 4. Case study 4, (a) floor plan, (b) production hall internal view, and (c) external view. 
  

 
Fig. 5. Case study 5, (a) floor plan, (b) production hall internal view, and (c) external view. 
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and inspection. It should be noted that some workers are not fixed 
in their positions, moving between tables to perform flexible tasks 
as needed.  

In the fourth case, a factory producing plastic containers and 
bottles, the work is organized around injection or blow molding 
machines. Approximately three workers are stationed at each 
machine, manually performing tasks such as assembling the 
product from the mold after forming, trimming excess plastic, and 
monitoring the quality of the final product. Work in this type of 
factory relies on direct coordination between humans and 
machines, keeping the workforce semi-fixed around the operating 
positions but constantly interacting with the machines' output. 
There are also non-fixed workers, such as quality inspectors. In 
the fifth factory, which specializes in the food industry, there is a 
fixed production line that passes through several stages, from 
manufacturing to packaging. Workers are clustered along this line, 
with some assigned to monitor the product as it passes through, 
while others focus on packaging tasks. This environment requires 
a consistent and organized presence around the production process 
to ensure efficiency and quality. The sixth factory, which produces 
plastic containers, follows a similar pattern to the fourth, with 
workers deployed around forming machines and performing 
manual product handling and quality inspections, as well as final 
product packaging. 
 
3.6. Statistical tests 
The validity and reliability of the questionnaire questions were 
tested using Cronbach's alpha test. The evaluation score for each 
individual part ranged from 0.68-0.90, which indicates the clarity 
of the questions, the appropriateness of the answer method, and 
the possible generalizability of the results [45]. The collected data 
was analyzed using IBM SPSS version 26. After filtering the 
participants’ answers from contradictory answers and missing data 

and excluding participants with missing data, 456 valid 
questionnaires remained, as shown in Table 3 Descriptive analysis 
was first presented to summarize the responses and photometric 
measures and identify key trends of results. The Kolmogorov-
Smirnov test was used to verify the normality of the distribution 
of variables. The correlations between the independent (lighting 
conditions) and dependent variables (measures of workers’ health 
and safety) were studied using the Pearson coefficient. The 
correlations are considered statistically significant if 𝑝𝑝 < 0.05 and 
highly statistically significant if 𝑝𝑝< 0.001. The effect size was 
interpreted from tables provided by Ferguson [46], where 
conventional values were suggested as criteria for “small” (the 
recommended minimum effect size that represents a significant 
effect), “moderate,” and “strong.” Effect sizes were 0.20, 0.50, and 
0.80, respectively. The degree of the correlation coefficient was 
also interpreted from the tables presented by [47], where a value 
of (0-0.3) indicates that the correlation is weak, a value of (0.4-0.6) 
indicates that the degree of correlation is moderate, and a value of 
(0.7-0.1) indicates that the degree of correlation is strong. Mann-
Whitney test and Kruskal-Walli’s test were used to compare 
separate groups of non-normally distributed quantitative variables 
and followed by Post Hoc test for pairwise comparison between 
independent variables [48]. The Friedman and Wilcoxon tests 
were also applied for pairwise comparisons between correlated 
samples. Regression analysis was applied to discover the most 
independent influencing factors in some cases. To balance the trial 
error rate resulting from multiple pairwise comparisons, 
Bonferroni corrections were applied to the same data for each 
statistical test. The level of statistical significance (𝑝𝑝=0.05) was 
divided by the number of tests (𝑛𝑛 ) [46]. The effect size was 
calculated according to the following Equation (2): 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑁𝑁

    (2) 

 
Fig. 6. Case study 6 (a) floor plan, (b) production hall internal view, and (c) external view. 
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where N= the number of pairwise tests, and the Z value is the 
result of the statistical tests [50].  
 
4. RESULTS 
4.1. Field photometric measurements 
Figure 8, shows light measurements of EH, EV, EML, m-EDI, 
CCT, and CRI at each day and night shift in each case study. The 
differences in lighting conditions in the case studies are due to the 
percentage of natural light in each factory, size, and the orientation 
of the openings. Case studies 1, 2, and 3 receive direct natural light 
from the door openings towards the southwest and from the upper 
openings in the roof towards the southeast and northwest, see 
Table 1. Case 4 receives natural light only from the doors towards 
the southwest, while case 5 receives light from the southwest 
direction from the upper windows. Table 1 shows the mean values 
of EH, EV, EML, m-EDI, CCT, and CRI in summer and winter. 
Lighting performance within spaces in daytime reflects a complex 
lighting environment, which is one of the challenges of field 
studies in real-world settings, where it is difficult to control 
dynamic daylighting. Therefore, it was necessary to calculate the 
arithmetic mean and median of lighting data to provide a central 
estimate, while clarifying the standard deviation values to 
determine the extent of dispersion within each space (see Table 4). 
Following the collection of illuminance data, the lighting levels 
were divided into four light categories based on the values of the 
nearby lighting levels (EH) in the production halls, regardless of 
the type of lighting source. Natural light contribution percentages 
were estimated based on daytime and nighttime illumination 

values, and these percentages were used as a descriptive element 
for the identified zones.  
Lighting zones were defined as follows:  
• Zone A: Features spaces that rely primarily on natural lighting 

with artificial task lighting, where approx. 75% of the lighting 
is natural and 25% artificial. Measured lighting levels range 
Eh avg= 572±218 lux, and m-EDI avg=230±170lux.  

• Zone B: Features spaces that rely on mixed lighting (approx. 
50% natural - 50% artificial), and lighting levels range Eh  
avg=374 ±204 lux, and m-EDI avg=207±157lux.  

• Zone C: Features spaces that rely on artificial lighting 
(approx. 40% natural - 60% artificial), and lighting levels 
range Eh avg= 220±131 lux, and m-EDI avg=145±97lux.  

• Zone D: Features spaces that rely entirely on artificial lighting 
(Case 6). This also includes measurements in the evening 
shifts for all cases, where Eh  avg= 140±121 lux, and m-EDI  
avg=113±112lux.  

The results show that the highest E-MDI average value was (E-
MDI  avg = 230±200 lux) within light categories in category A, i.e., 
in cases 1-3, which is considered lower than the CIE 
recommendation (250 lux minimum). The EH values within 
categories C (Eh  avg = 220±131 lux) and D (Eh  avg = 140±121 lux) 
are considered lower than the Egyptian code recommendation 
(300 lux minimum).  

Notably, there is a high standard deviation for EH, EV, EML, E-
MDI, CCT, and CRI readings. This is attributed to the 
heterogeneous distribution of illuminance within each factory. For 
example, in cases (1–3), there is a variation in EH values due to 
the heterogeneous distribution of industrial lighting units, which 

Table 1. Optical properties of base case clear glass and analyzed Solar Control Films (Tsol = solar transmittance, Rsol1 = front solar reflectance, Rsol2 
= back solar reflectance, Tvis = visible transmittance, Rvis1 = front visible reflectance, Rvis2 = back visible reflectance, emis1 = front emissivity, emis2 = 
back emissivity). 

 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 

Type of Industry Assembling metal 
chassis 

Assembling metal 
chassis 

Assembling metal 
chassis 

Manufacture of 
plastic containers 

Assembly hall for a 
food factory 

Manufacture of 
plastic containers 

Depth of Active 
Zone (m) 

35 35 35 60 46 60 

Floor Zone (m2) 875 750 875 1440 1200 1500 
Window Zone (m2) 50 50 50 35 16 - 
Window: floor zone 
ratio (Window zone, 
%) 

5.7% 6.6% 5.7% 1.4% 1.3% - 

Location of the 
effective windows 

Northwest- 
Southeast 
(NW, SE) 

Northwest- 
Southeast 
(NW, SE) 

Northwest- 
Southeast 
(NW, SE) 

Northeast – 
Southwest 
(NE), (SW) 

Southeast 
(SE) 

Southeast 
(SE) 
Covered with a 
straw 

Window length (m) 1.0 1.0 1.0 1.0 0.90 - 
Average work-plane 
height (m) 

0.90 0.90 0.90 1.10 0.90 0.90 

Ceiling type Sloped Sloped Sloped Flat Sloped Sloped 
Ceiling height (m) 11.5 11.5 11.5 11 10.5 11 
Floor Finish Concrete floors Concrete floors Concrete floors Concrete floors Concrete floors Concrete floors 
Artificial Light type Task lighting (LED 

spotlights mounted 
on vertical stands) 

Lighting tasks (LED 
tubes installed 
horizontally) 

Tasks lighting (LED 
spotlights mounted 
on vertical stands) 

LED floodlight Fluorescent Tube 
lights 

Fluorescent Tube 
lights+ LED 
floodlight 

Type of Industry Assembling metal 
chassis 

Assembling metal 
chassis 

Assembling metal 
chassis 

Manufacture of 
plastic containers 

Assembly hall for a 
food factory 

Manufacture of 
plastic containers 
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are often installed on vertical poles and concentrated only in 
manual work areas, leading to a marked contrast between the 
brightest and least lit areas within the same space. The presence of 
windows or doors on one side and the depth of the factory in cases 
4 and 5 also contributed to an unbalanced distribution of natural 
light, which was reflected in the large dispersion in field readings. 

Fig. A1. shows the distribution of light categories according to 
horizontal illumination (EH) values in the study cases. The results 
presented in Fig. 8(a)-(d) show that cases (1–3) had higher light 
levels with category A predominating in most areas, except for a 
few locations that fell under category B. This is attributed to the 
fact that these cases relied on intensive artificial lighting, with 

Table 2. Questionnaire. 
i. Demographic information 

Age group: □ 18 years  □ 19-25 years □ 35-26 years □ 36-50 years □ 51 years and over 
Work shift type □ morning, □ evening □ morning and evening 
Do you wear corrective 
glasses?  

□ Yes □ No 

Do you suffer from color 
blindness?   

□ Yes                  □ No □ I don't know 

Do you suffer from eye 
diseases?  

□ Yes                                    □ No □ I don't know 

Job category: □ operator □ technical □ supervisor □ other 
working hours:      
current time:      

ii. Health information 
To what extent have you suffered from the following problems during the past two weeks 
 □ never □ Scarcely □ sometimes □ Much □ always 

• Dry Eye      

• Headache      

• Stress      

• fatigue      

• disturbed sleep      

• depression      
iii. The effect of lighting on Safety 

1. How likely are errors to occur in your workplace due to current lighting levels? 
□ very low   □       low              □   Moderate                   □ high            □   very high □ None 

2. How likely are injuries to occur in your workplace due to current lighting levels? 
□ very low   □       low              □   Moderate                   □ high            □   very high □ None 

3. How much do lighting levels affect your feeling of eye fatigue? 
□ very low   □       low              □   Moderate                   □ high            □   very high □ None 

4. Do current lighting conditions give you headaches? 
□ yes □ to some extent □ NO 

 Do current lighting conditions make you sleepy? 
□ yes □ to some extent □ NO 

6. Do current lighting conditions make you lose your concentration? 
□ yes □ to some extent □ NO 

 
Table 3. Number of participants in each case study. 

No. of Case study No. of workers No. of responses in 
the summer day 
shifts 

No. responses in 
the summer night 
shifts 

No. responses in 
the winter day 
shifts 

No. of responses in 
the winter night 
shifts 

Total no. of 
responses 

1 47 40 47 47 38 172 
2 49 42 38 40 47 167 
3 48 14  46 93  40 166 
4 112 76 62 76 56 270 
5 98 62 48 64 40 214 
6 102 68 50 67 52 237 
Total 456 349 291 353 273 1266 
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little contribution from natural light. In cases 4 and 5, lower light 
levels were observed, with categories B and C predominating, due 
to the low levels of natural light within spaces. It is worth noting 
that category B was often identified near openings (windows and 
doors), which represented the sole source of natural light, while 
category C was prevalent in the middle of the space, specifically 
in the second half, far from natural light sources.  
 
4.2. Lighting effect on workers’ safety 
To study the effect of lighting on workers' operational safety at the 
industrial spaces and the possibility of errors or accidents due to 
lighting conditions, participants' answers were collected on four 
questions concerning the extent to which lighting conditions. A 
six-point Likert scale was used to measure participants' responses. 
Lighting effects on safety are presented in the following sections, 
including the descriptive frequencies of workers' evaluations of 
light, and the relationship between lighting characteristics and 
workers' evaluations of the effect of lighting on safety. 
 
 

4.2.1. Descriptive statistics of workers’ response 
Table 5 shows the frequencies and percentages of workers' ratings 
of the impact of lighting on aspects of safety in the workplace. The 
independence of the safety questions was confirmed by a chi-
square test with statistical significance (p< 0.000). Overall, 
workers' feedback on the lighting conditions in Zone D, where Eh 
avg = 140 ± 121 lux, was more negative regarding their safety than 
in the other zones. As such, 51.8% and 50.7% of workers indicated 
that lighting could cause errors in summer and winter, respectively.  
Additionally, 40.0% and 41.7% of the responses indicated that 
light conditions could cause accidents in production halls in 
summer and winter, respectively. On the contrary, workers in 
Zone A, which relies on natural lighting (Eh  avg = 500 ± 217 lux), 
showed low ratings of likelihood of errors or injuries, with 39.4% 
of responses in winter and 33.3% in summer indicating that 
lighting conditions lead to errors. On the other hand, 28.3% of 
workers in winter and 30.0% in summer reported the likelihood of 
accidents due to lightning in the production halls. 

 
Fig. 7. Layout of Worker Distribution within Production Halls. 
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Figures 9 and 10 show the workers’ evaluation rates of the extent 
to which lighting affects errors and accidents for four lighting 
categories in production halls. As can be seen from the results in 
Table 6, most of the workers’ feedback was consistent between 
summer and winter, showing no significant difference between the 
two seasons.  
 
4.2.2. Lighting characteristics and workers’ safety 
The correlation between lighting characteristics (EH, EV, CCT, 
CRI) and workers' ratings of the probability of errors or accidents 
due to lighting conditions in the four zones (A, B, C, D) was 
examined using Spearman's correlation coefficient test. The 
results showed a weak positive association between vertical 

lighting level (EV) and workers' rating of the probability of 
accidents, with statistical significance (p=0.031). Nevertheless, 
other light variables (EH, CCT, CRI) did not show significant 
associations with workers’ expectations of accidents due to 
lighting conditions.  

On the other hand, there was a statistically significant 
association (p=0.031) between EH, EV and CRI with the 
probability of errors. In contrast, there was a weak negative 
association between CCT and the probability of errors, with 
statistical significance (p=0.010) (Table 7). 

Differences between workers' ratings for lighting zones (A, B, 
C, and D) were analyzed using the Kruskal-Walli’s test. Post hoc 

 
Fig. 8. (a)The mean and median values of Eh, (b) the mean and median values of Ev, (c) the mean and median values of CCT, and (d) the mean and 
median values of CRI, in the study cases. S=summer; W=winter. 
 
Table 4. The mean, median and standard deviation (Std) of lighting measurements in the six case studies. 

Light 
characteristics 

(Zone A) (Zone B) (Zone C) (Zone D) 
Mean Median Std Mean Median Std Mean Median Std Mean Median Std 

Eh (lux) 500 483 217 374 243 204 220 129 131 140 133 121 
 Ev (lux) 258 199 202 237 199 185 183 123 123 165 114 185 
EML (lux) 255 219 200 230 199 185 161 118 114 125 90 102 
mel-EDI (lux) 230 197 170 207 179 157 145 106 97 113 81 112 
CCT (Kelvin) 5822 566 5902 5880 5932 624 6538 5853 581 3549 4229 646 
CRI % 89 95 9 84 94 7 89 82 9 82 82 7 
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tests using the Mann-Whitney pairwise test were run to determine 
where the variations lay under each zone.  

The results of the Kruskal-Wallis (Table A2) and Mann-
Whitney tests (see Table A3 and Table A4) showed significant 
differences between participants’ ratings in the four lighting zones 
(P = 0.001). Pairwise comparisons revealed statistical differences 
between Zone B (mixed natural and artificial lighting) and Zone 
D (artificial lighting) (p = 0.034). Similarly, statistical differences 

were detected between participants’ ratings in Zone C (mixed 
natural and artificial lighting) and Zone D (p = 0.028).  

This was due to Zone D (artificial lighting) recording negative 
ratings of the likelihood of work errors compared to other lighting 
zones. Statistical differences were also found between participants' 
ratings on the likelihood of accidents due to lighting in Zone A 
(daylight lighting) and Zone C (mixed lighting).  

Table 5. Percentages and frequencies of workers' ratings of the impact of lighting on operational safety. 
variables Seasons Zones Participants Large Moderate Small P-value 

NO. Freq. % Freq. % Freq. % 

lig
ht
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g 
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ve
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 c
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 e
rro

rs
 

at
 w

or
k  

Summer Zone A 120 40 33.3% 27 22.5% 50 41.7% 0.00 
Zone B 89 36 40.4% 34 38.2% 19 21.3% 
Zone C 42 19 45.2% 16 38.1% 7 16.7% 
Zone D 223 115 51.8% 53 23.7% 46 20.6% 

Winter Zone A 127 50 39.4% 44 34.6% 31 24.4% 0.00 
Zone B 108 47 43.5% 39 36.1% 21 19.4% 
Zone C 70 33 47.1% 26 37.1% 11 15.7% 
Zone D 335 170 50.7% 97 29.0% 68 20.3% 

lig
ht

in
g 

le
ve

ls
 c

au
se

 
ac

ci
de

nt
s a

t w
or

k.
 

Summer Zone A 120 36 30.0% 39 32.5% 45 37.5% 0.13 
Zone B 89 26 29.2% 24 27.0% 39 43.8% 
Zone C 42 17 40.5% 16 38.1% 9 21.4% 
Zone D 223 90 40.0% 62 27.8% 70 31.4% 

Winter Zone A 127 36 28.3% 41 32.3% 50 39.3% 0.27 
Zone B 108 32 29.6% 38 35.2% 38 35.2% 
Zone C 70 26 37.1% 28 40.0% 16 22.9% 
Zone D 335 140 41.7% 85 25.4% 110 32.8% 

The results did not include ‘None’ answer, so you may notice that the total percentages are less than 100%. 
 

 
Fig. 9. The mean of worker ratings about current lighting levels, disturbances causing errors at work. 
 

 
Fig. 10. Worker ratings about current lighting levels, disturbances causing accidents at work. 
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The findings suggest that the lighting conditions in Zone D are 
perceived to have the most detrimental effect on workers’ 
perceptions of operational safety. In contrast, Zone A is associated 
with more favorable lighting conditions, which correspond to 
more positive evaluations of safety by the workers. This contrast 
highlights the significant influence of lighting quality on how safe 
employees feel in their work environment (Table A3 and Table 
A4). 

 

 4.3. Lighting effect on workers’ health  
To study the impact of lighting on workers' health in industrial 
places, workers’ responses to four questions related to the extent 
to which lighting conditions affect eye strain, headaches, 
drowsiness, and loss of concentration during work were collected. 
A description of the frequencies and analysis of workers' 
assessments of the lighting categories in lighting zones A, B, C, 
and D were analyzed, and the relationship between lighting 
characteristics and workers' assessments of the impact of lighting 

Table 6. Correlation between workers' opinions on the effect of lighting on safety, and EH, EV, CCT and CRI. 
Workers’ responses  EH EV CCT CRI 
The current lighting 
levels can cause 
accidents at work 

r 0.000 0.165* 0.051 -0.025 
p-Value 0.991 0.031 0.090 0.399 

The current lighting 
levels can cause errors 
at work 

r 0.113** 0.125** -0.077* 0.086** 
p-Value 0.000 0.000 0.010 0.004 

** Correlation is significant at the 0.01 level.  
* Correlation is significant at the 0.05 level. 
 
Table 7. Percentages and frequencies of workers' ratings of the impact of lighting on eye fatigue. 

Variables Seasons Zones Participants Large Moderate Small p- value 
Freq. Freq. % Freq. % Freq. % 

lig
ht

in
g 

le
ve

l &
 e

ye
 fa

tig
ue

 Winter Zone A 127 45 35% 47 37% 36 28% 0.004 
Zone B 108 46 43% 20 19% 42 39% 
Zone C 70 37 53% 19 27% 14 20% 
Zone D 335 200 60% 70 21% 65 23% 

Summer Zone A 120 40 33% 47 39% 34 28% 0.000 
Zone B 89 41 46% 21 24% 27 30% 
Zone C 42 25 59% 9 21% 8 19% 
Zone D 223 140 63% 45 20% 36 16% 

The results did not include ‘none’ answer, so you may notice that the total percentages are less than 100%. 
 

 
Fig. 11. The mean of workers’ ratings about lighting conditions causing eye fatigue. 
 

 
Fig. 12. The mean of workers’ ratings about lighting conditions causing headaches. 
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on their health was examined and presented in the following 
sections. 
 
4.3.1. Descriptive statistics of workers’ response 
Table 7 shows workers’ ratings under four lighting conditions 
collected in lighting zones A, B, C and D. The data were verified 
to be independent and significant (p< 0.001), indicating that 
lighting conditions can significantly affect eye strain among 
workers. In essence, the fully artificial lighting conditions in Zone 
D received the highest proportion of responses indicating 
experiences of eye strain, particularly under an average horizontal 
illuminance (Eh avg) of 140 ± 120 lux.  

This zone recorded the highest reported rates of severe eye 
strain, with 60% of respondents indicating discomfort during the 
winter and 63% during the summer.  Natural lighting in zone A 
was rated more comfortable in winter (Eh  avg = 498 ± 225 lux), 
with 35% reporting eye strain, compared to 33% in summer (Eh 
avg = 572± 218 lux). The mixed lighting zones  (zone B) showed 
moderate effects of light on workers, with 43% of workers 
reporting feeling very tired in winter and 46% in summer. Similar 
results were obtained in zone C with mixed lighting, 53% of 
workers reported feeling very tired in winter, and this percentage 
rose to 59% in summer. These findings underscore the adverse 
impact of suboptimal artificial lighting on workers' experience of 
eye fatigue compared to natural lighting. As seen from the results, 
marginal differences were spotted between summer and winter, 
suggesting that eye fatigue symptoms were higher in summer than 
in winter. Table 8 provides more details to understand workers’ 
reporting symptoms of headaches, drowsiness, or impaired 
concentration due to lighting in the four lighting zones.  

The results showed that Zone D (artificial lighting, Eh  avg = 140 
± 120 lux) recorded the highest votes of experiencing headache in 
winter (61.6%) and summer (58.7%), compared to Zone A 
featuring natural daylighting (Eh  avg = 498 ± 225 lux in winter, 572 
± 218 lux in summer), which was deemed the lowest headache 
rates (39.4% in winter, 32.5% in summer). Mixed lighting 
conditions in zones B and C also showed a high number of workers 
reporting headaches, (see Table 8). 

Regarding drowsiness, a large number of participants in Zone D 
reported drowsiness (55.8% in winter, 45.3% in summer), 
indicating the effect of artificial-low lighting levels on increasing 
drowsiness, especially in winter. In the case of loss of 
concentration, 68.7% of workers in Zone D reported a negative 
impact on 68.7% of workers in winter and 65.6% in summer, 
thereby recording the highest rate among workers in different 
lighting zones. The lowest ratings of concentration loss were 
reported in Zone A (25.2% in winter and 20.8% in summer), 
reflecting the positive feedback under natural lighting in reducing 
concentration loss.  

These results indicate that low levels of light are associated with 
increased health and attention-related complaints. This is shown 
in Fig. 11, which shows evident differences in workers' eye fatigue 
ratings under the four light zones. 

Figures 12-14 show the rate at which workers feel headaches, 
drowsiness, and loss of concentration on a three-point scale in the 
four light zones. The results show that the mean rates were high in 
experiencing eye fatigue mean=3.9, headache mean=2.30, 
drowsiness mean=2.59, and loss of concentration mean=2.88, at 
Zone D (artificial lighting, Eh  avg = 140 ± 120 lux). Mean ratings 
decreased to 2.9, 1.6, 1.1, and 1.1, respectively, at zone A featuring 
natural light levels (Eh  avg = 498 ± 225 lux in winter, 572 ± 218 
lux in summer).  
 
4.3.2. Lighting characteristics and workers' health 
Table 9 shows the association of lighting characteristics with 
workers' ratings of visual fatigue, headache, drowsiness, and loss 
of concentration indicators. Horizontal illumination (Eh) was 
shown to have a significant negative association with workers’ 
reporting of eye fatigue (r = 0.514, p = 0.020) and headache (r = 
0.643, p = 0.014). This finding indicates that low levels of 
horizontal illuminance (Eh) may be a contributing factor to the 
intensification of these symptoms. Interestingly, vertical 
illuminance (Ev) did not exhibit any statistically significant 
correlations with the health indicators assessed in this study 
(p>0.05). Levels of CCT recorded in this study had weak but 
significant associations with most visual health variables, being 
negatively correlated with eye fatigue, drowsiness, and loss of 
concentration. CRI value also showed a weak negative correlation 
with the reported symptoms of headache (r= 0.084, p= 0.005), 
drowsiness (r = 0.062*, p = 0.038), and loss of concentration (r= -
0.112**, p= 0.000). This suggests that the spectral quality of light, 
as reflected by high CRI values, may play a subtle yet meaningful 
role in supporting workers’ health. The negative association also 
indicates that higher CRI values- expressing more accurate 
rendering of colors- could potentially contribute to reduced visual 
strain in workplace environments.  

To study the effect of seasons on workers’ eye fatigue ratings 
due to lighting conditions, the Croxall-Wallis test was conducted 
to determine differences between workers’ ratings across summer 
and winter. The tests did not yield statistically significant 
differences between the two seasons. The same test was then 
conducted for worker groups in each of the four zones, followed 
by the Mann-Whitney test for paired comparisons, which yielded 
statistically significant differences between worker groups in 
zones A, B, C, and D. The analysis detected significant differences 
(Δ = 0.214, P< 0.001) between workers’ perceptions of eye fatigue 
in zone A lit by natural lighting (Eh  avg = 500±217), and zone D lit 
by artificial lighting (Eh  avg= 140±120). This could suggest that 
low illuminance levels Eh  avg = 140±120 to cause more eye fatigue 
compared to higher lighting levels. See Tables A5-A8, in the 
appendix.  

The results also showed significant differences (Δ= 0.153, P= 
0.004) between low Eh  avg= 140±120 Lux and moderate lighting 
levels Eh  avg=500±217 Lux, in the effect on workers' health, as 
seen by the large percentage of workers reporting headaches in 
zone D compared to the rest of the lighting zones. 
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5. DISCUSSION 
This paper endeavored to identify how lighting conditions in 
industrial workspaces affect workers’ safety and health. 

Occupational safety is an important aspect that researchers focus 
on, particularly in factory environments where the risk of recurrent 
injuries is highly probable. Various factors play a role in this 
regard, such as the nature of the work, machinery, and workers’ 
fatigue, particularly drowsiness, especially for night shift workers. 
This aspect was investigated in the study by exploring workers’ 
perceptions of how lighting conditions may contribute to the 
occurrence of injuries or operational errors. Subjects’ responses 

were compared to field-measured lighting values, and correlations 
and differences between groups were also studied under different 
lighting conditions in different lighting zones A, B, C, and D.  

The results indicate that nearly a third of the participants 
reported that lighting conditions could lead to errors during work. 
This assessment appears to be related to the low illuminance levels 
measured (Eh  avg = 140 ± 120 lux), values that are clearly lower 
than the minimum recommended by the Egyptian Code for 
Lighting in Workplaces, which is 300 lux in assembly shops and 
up to 500 lux in precision industries. This is consistent with what 
was indicated by the study [25], which linked inadequate lighting 

Table 8. Percentages and frequencies of workers' ratings of the impact of lighting on workers’ operational safety. 
Variables Seasons Zones Participants Yes To some extent No P- Value 

Freq. Freq. % Freq. % Freq. % 

lig
ht

in
g 

co
nd

iti
on

s m
ak

e 
he

ad
ac

he
 

Winter Zone A 127 50 39.4% 55 43.3% 22 17.3% 0.083 
Zone B 108 46 42.6% 46 42.6% 16 14.8% 
Zone C 70 36 51.4% 18 25.7% 16 22.9% 
Zone D 335 206 61.6% 80 23.9% 49 14.5% 

Summer Zone A 120 39 32.5% 57 47.5% 24 20.0% 0.006 
Zone B 89 33 37.1% 37 41.6% 19 21.3% 
Zone C 42 17 40.5% 15 35.7% 10 23.8% 
Zone D 223 131 58.7% 48 21.7% 44 19.6% 
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Winter Zone A 127 40 31.7% 58 45.7% 29 22.6% 0.16 
Zone B 108 44 40.7% 50 46.3% 14 13.0% 
Zone C 70 37 52.9% 25 35.7% 8 11.4% 
Zone D 335 187 55.8% 84 25.1% 64 19.1% 

Summer Zone A 120 43 35.8% 59 49.2% 18 15.0% 0.000 
Zone B 89 33 37.1% 35 39.3% 21 23.6% 
Zone C 42 16 38.1% 15 35.7% 11 26.2% 
Zone D 223 101 45.3% 84 37.7% 38 17.0% 
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Winter Zone A 127 32 25.2% 43 33.9% 52 40.9% 0.038 
Zone B 108 31 28.7% 39 36.1% 38 35.2% 
Zone C 70 37 52.9% 18 25.7% 15 21.4% 
Zone D 335 230 68.7% 51 15.4% 53 15.9% 

Summer Zone A 120 25 20.8% 42 35.0% 53 44.2% 0.000 
Zone B 89 25 28.0% 32 36.0% 32 36.0% 
Zone C 42 26 61.9% 12 28.6% 4 9.5% 
Zone D 223 146 65.6% 37 16.4% 40 18.0% 

 

 
Fig. 13. The mean of worker ratings about lighting conditions causing drowsiness. 
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conditions to an increased likelihood of accidents and health risks 
in the work environment.  

A small percentage of workers in zones A and B indicated that 
lighting conditions made them vulnerable to errors or injuries. A 
plausible assertion is that discomfort glare from natural light may 
have been a contributing factor to the negative responses reported 
by participants. Such visual disturbance can hinder task 
performance and reduce overall comfort, thereby influencing 
occupants’ subjective evaluations of the environment. The 
existence of a statistical correlation between workers' ratings of 
the impact of lighting on operational safety and both CCT and CRI 
indicates that lighting spectral quality -reflected by neutral CCT 
ranges and high CRI- is important for workers' occupational 
safety.   

On the other hand, most workers reported that the lighting levels 
in their work environment caused eye fatigue and headaches, 
particularly in zones D and C, characterized by low lighting levels. 
In contrast, zone A, which relies on natural light (Eh  avg = 500 ± 
217 lux), was reported to be more visually comfortable than the 
other zones, suggesting a more favorable impact on eye comfort 
and reduced visual strain among workers. Nevertheless, 33.0% of 
workers in zone A reported experiencing eye fatigue in winter and 
32.0% in summer. This is likely due to glare from natural lighting, 
as glare imposes a greater visual burden on the eyes [49]. 

This also could be linked to a previous study [50] concluded that 
workers with dry eyes were more likely to experience 

uncomfortable glare than those without dry eyes. In lighting zone 
D (Eh  avg = 140 ± 121 lux), 56.0% of workers in winter and 63.0% 
in summer reported experiencing eye strain. This is consistent with 
research evidence showing that low lighting levels force the eyes 
to exert additional effort, increasing the likelihood of developing 
symptoms of visual strain [51].  

This is also consistent with Boyce's study [28], indicating that 
eyestrain occurs because of physiological reasons, related to 
fatigue of the eye muscles responsible for fixation and 
accommodation. Although the results indicate a statistical 
correlation between lighting levels and workers' self-assessments 
regarding the likelihood of errors, accidents, and symptoms such 
as headaches or eye strain, it is important to interpret these 
findings with caution. As such, these associations may be partially 
explained by the nature of tasks performed within each factory. 
For example, Factories (1–3), which specialize in the 
manufacturing of light metal chassis, involve the use of sharp 
tools, welding, and assembly machines. Despite being categorized 
as light industries -with recommended lighting levels of at least 
300 lux according to the Egyptian Code- the potentially hazardous 
nature of these tasks may increase workers’ sensitivity to lighting 
conditions. Similarly, Factories (4 and 6), which produce plastic 
bottles and cans, require continuous visual monitoring and manual 
assembly, which may heighten awareness of lighting adequacy. 
Factory 5 involves packaging and quality control, which also 
demands visual precision.  

Table 9. Correlation between lighting characteristics and workers’ assessment of their feeling of eye fatigue, headache, drowsiness, and loss of 
concentration. 

Light Characteristics / 
questions  Lighting conditions & 

eye fatigue 
Lighting conditions 
&headache 

 Lighting conditions & 
drowsiness 

 Lighting conditions & 
loss of concentration 
  

EH 
 

r -0.013 -0.643* -0.037 0.044 
P 0.653 0.014 0.222 0.141 

EV 
 

r -0.027 0.024 -0.001 0.036 
P 0.363 0.416 0.983 0.235 

CCT r -0.104** -0.041 -0.092** -0.090** 
P 0.001 0.170 0.002 0.003 

CRI r 0.031 -0.084** -0.062* -0.112** 
P 0.309 0.005 0.038 0.000 

** Correlation is significant at the 0.01 level. 
* Correlation is significant at the 0.05 level. 

 
Fig. 14. The mean of worker ratings about lighting conditions causing loss of concentration. 
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Furthermore, differences in exposure duration (12-hour shifts in 
Factories 1–3 vs. 8-hour shifts in Factories 4–6) could have 
contributed to varying perceptions of lighting impact. While age 
can influence visual comfort or perceptual response, its effect in 
this study might have been limited due to the relatively narrow age 
distribution of participants (predominantly between 25–35 years). 
Nonetheless, it is acknowledged that additional factors, including 
prior health conditions, task complexity, and individual sensitivity, 
may also play a role in shaping workers’ perceptions which were 
not fully controlled for in this study.  

The results also showed a statistical correlation between CCT 
and CRI and workers' reporting of eye fatigue, underscoring the 
importance of lighting quality in maintaining eye health and 
safety. The latter finding is consistent with previous research [51] 
concerning worker assessments of lighting levels 350 -500 lux to 
be most comfortable for the eyes, provided that annoying glare is 
avoided. 

 The study revealed that 39.3% of workers in winter and 32.5% 
in summer reported headaches due to lighting in Zone A which is 
lit by natural daylighting, compared to 61.6% and 58.6% in Zone 
D which relies entirely on artificial lighting. The results also 
indicate that Zone A lighting (Eh  avg = 500±217 lux, m-EDI  avg = 
230 ± 200 lux, CCT  avg = 5822±566 K, CRI  avg= 89±9 %) was 
perceived as more comfortable, compared to the lower lighting 
levels in Zone D and C (Eh  avg in zone C = 220±131 lux, and in 
zone D = 140±120 lux). However, some workers in Zone A 
experienced headaches due to glare from natural lighting. This 
finding is consistent with a previous study [52] indicating that 
glare and highlighting are triggers for headaches in individuals 
with photosensitivity. Moreover, a statistical association was 
found between eye fatigue, headaches, and low lighting levels, 
supporting other studies in the literature [1]. This study also found 
that 55.8% and 45.2% of workers in winter and summer 
respectively indicated that the low lighting in-Zone D caused them 
to feel sleepy, while 68.7% and 65.5% reported occasional loss of 
concentration for the same reason. Analyses also revealed a 
statistically significant relationship (p < 0.05) from weak to 
moderate  between drowsiness, poor concentration, and lighting 
conditions. These findings are linked to a previous study [53-54] 
showing that poor lighting may cause symptoms such as 
headaches, eye fatigue, tears, visual fatigue, concentration loss, 
and increased drowsiness during work. A negative correlation was 
found between workers' reporting of headache, drowsiness, and 
loss of concentration and both CCT and CRI values, indicating that 
lighting quality- -reflected by neutral CCT ranges and high CRI- 
positively affects workers' health.  
 
6. CONCLUSION 
This study aimed to evaluate the impact of lighting on worker 
health and safety in industrial work environments by collecting 
self-assessments from 456 factory workers and correlating them 
with light measurements in six different factories in Sadat City, 
Cairo. Statistical tests were used to measure the relationship 

between lighting characteristics (Eh, Ev, CCT, EML, m-EDI and 
CRI) and worker responses in different lighting zones that differ 
in the quality and quantity of light spectra. These zones are 
characterized by Zone A, which relies primarily on natural lighting 
with artificial task lighting; Zone B, which relies on mixed 
lighting; Zone C, which relies primarily on artificial lighting; and 
Zone D, which relies entirely on artificial lighting. Lighting 
emerges in this study as a critical factor in supporting worker 
occupational safety, as it influences visual comfort and the non-
visual effects of light on the human body. Adequate lighting is 
essential to ensure ideal working conditions.  
The main results of the field study indicated the following: 
• The results clearly indicated that the areas falling within 

light categories A (Eh  avg = 572 ± 218 lux) and B (Eh  avg = 
374 ± 204 lux), which are study cases 1-3 and some areas 
near windows in cases 4 and 5, had light levels suitable for 
visual tasks according to the Egyptian Code (minimum 300 
lux), but were unsuitable for non-visual tasks, with m-EDI 
avg = 230 ± 200 lux and m-EDI  avg = 207 ± 179 lux. Light 
category C (Eh  avg = 220 ± 131 lux, EDI  avg= 145±97lux) 
mainly was identified in the latter half of factories 4 and 5, 
and Light categories D (Eh  avg = 140 ± 121 lux, m-EDI  avg= 

113±112 lux), exclusively featured in night shifts, were 
unsuitable for both visual and non-visual tasks. 

• A large percentage of workers in the lighting category (Eh  
avg≤  220 lux) reported that lighting levels  significantly 
impact occupational safety, which is expected given the 
nature of their work. This finding was reinforced by 
statistical tests that confirmed a significant correlation 
between field-measured lighting values and worker 
assessments. 

• The color temperature ranges examined in this study (CCT  
avg = 5770 + 389 K) had no significant effect on these 
indicators. Analyses also revealed statistically significant 
differences between worker responses in areas with 
artificial lighting versus areas with a combination of natural 
and artificial lighting, reinforcing the hypothesis of a link 
between lighting and worker safety. 

• On the occupational health front, worker assessments 
showed a significant relationship between low artificial 
lighting levels (m-EDI  avg ≤ 145 lux, Eh ≤ 220 lux) and 
increased symptoms of eye strain, such as headaches, 
drowsiness, and loss of concentration. A weak association 
was also found between color temperature (CCT) and 
workers' feelings of visual fatigue, drowsiness, and loss of 
concentration. Analyses also revealed statistical differences 
between workers' responses across the four lighting zones 
(p<0.05). This reinforces the hypothesis that lighting 
conditions are linked to workers' health, meaning that 
improving lighting quality may positively impact 
occupational well-being in the workplace. 

• The industrial environment is a complex one in which 
workers are exposed to difficult occupational conditions 
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related to the nature of their work and physiological 
conditions resulting from the number of working hours and 
shift work, which impact their physiological nature and, 
consequently, their circadian rhythm. Therefore, the non-
visual effects associated with lighting cannot be 
overlooked. Thus, research on integrated lighting in these 
environments must be expanded to achieve satisfactory 
results from both visual and non-visual perspectives.  

• Accordingly, this study suggests that low lighting levels 
lead workers to believe that low lighting levels make them 

more susceptible to injuries and errors during work. They 
also negatively impact their overall health, particularly eye 
health, causing headaches and loss of concentration. 

• Nonetheless, the generalization of these results needs to be 
approached with caution because of the limitations of the 
study to specific industrial facilities. Other factors, such as 
the nature of tasks, lighting requirements and work patterns, 
may also play a role and were not addressed in this study. 
Therefore, the relationship between lighting and workers’ 
occupational health remains an open topic for further 
research. 

APPENDIX A 

 
Fig. A1. Distribution of light classes A, B, C, D within the study cases (a) Case 1, (b) Case A, (c) Case 3, (d) Case 4, (e) Case 5, and (f) Case 6. 
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Table A1. The mean, standard deviation (SD) of lighting measurements in summer and winter in the six case studies. 
Lit characteristics Season Zone A Zone B Zone C Zone D 

Mean (SD) 

Eh (lux) summer 572(218) 342(186) 324(100) 140(121) 
winter 498(225) 300(165) 261(155) 

Ev (lux) summer 490(409) 286(166) 301(111) 165(185) 
winter 321(194) 246(156) 238(144) 

CCT (Kelvin) summer 5770(389) 5877(481) 5800(609) 3549(646) 
winter 5826(617) 5623(480) 4970(653) 

CRI % summer 90(7) 94(7.7) 79(11) 82(7) 
winter 89(9) 92(10) 78(10) 

 
Table A2. Differences in workers’ evaluations between the four Zones. 

Variables Zone (A) Zone (B) Zone (C) Zone (D) Kruskal-Wallis H P- Value 

Current lighting 
levels cause 
accidents at work. 

2.81(1.29) 2.82(1.56) 3.35(1.09) 2.73(1.74) 15.944 0.001 

Current lighting 
levels can cause 
errors during 

3.08(0.96) 3.16(1.08) 3.21(0.85) 2.98(0.99) 9.118 0.028 

 
Table A3. Results of the Mann-Whitney test for pairwise comparisons between workers' ratings in zones A, B, C, and D regarding current lighting levels 
and errors during work. 

Zones mean1(SD) mean2(SD) P- Value 

Zone (A) Zone (B) 3.04(1.02) 3.2(1.09) 0.077 
Zone (A) Zone (C) 3.04(1.02) 3.28(0.87) 0.061 
Zone (A) Zone (D) 3.04(1.02) 3.35(1.017) 0.943 
Zone (B) Zone (C) 3.2(1.09) 3.28(0.87) 0.856 
Zone (B) Zone (D) 3.22(1.09) 3.35(1.017) 0.034 
Zone (C) Zone (D) 3.28(0.87) 3.35(1.017) 0.028 

 
Table A4. Results of the Mann-Whitney test for pairwise comparisons between workers' rating in zones A, B, C, and D regarding current lighting levels 
and accidents at work. 

Zones mean1(SD) mean2(SD) P- Value 

Zone (A) Zone (B) 2.81(1.29) 2.92(1.55) 0.659 
Zone (A) Zone (C) 2.8(1.29) 3.35(1.09) 0.00 
Zone (A) Zone (D) 2.81(1.29) 3.73(1.46) 0.957 
Zone (B) Zone (C) 2.92(1.55) 3.35(1.09) 0.009 
Zone (B) Zone (D) 2.82(1.54) 3.73(1.46) 0.418 
Zone (C) Zone (D) 3.35(1.09) 3.73(1.46) 0.00 

 
Table A5.  Results of the Mann-Whitney test for pairwise comparisons between workers' ratings in zones A, B, C, and D regarding level and eye fatigue. 

Zones mean1(SD) mean2(SD) P- Value 

Zone(A) Zone (B) 2.27(0.76) 3.12(0.73) 0.054 
Zone(A) Zone (C) 2.27(0.76) 2.05(0.8) 0.018 
Zone(A) Zone (D) 2.27(0.76) 3.80(0.76) 0.000 
Zone (B) Zone (C) 3.12(0.73) 3.05(0.8) 0.076 
Zone (B) Zone (D) 3.12(0.73) 3.80(0.76) 0.003 
Zone (C) Zone (D) 2.05(2.04) 3.80(0.76) 0.837 
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