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harmful physical factors. The present study aimed to design and validate a chamber
to reduce workers' exposure to noise and heat while providing the desired lighting
for the glass manufacturing industry.

Materials and Methods: In this study, the heat exposure of 16 workers was evaluated
using the Wet Bulb Globe Temperature (WBGT) index measured with a calibrated
QUESTEMP 10 device, as well as the perceived stress index (PeSl). Environmental
noise was measured using a calibrated Casella CEL-450 sound level meter. The
chamber design included calculations of thermal loads and air conditioning inside
the chamber using psychrometric charts and determination of sound transmission
loss. The effectiveness of the chamber was simulated with WBGT and noise maps

*Corresponding author: Ali Sobhani- at 48 measurement stations using Surfer 21.6.216 software. Furthermore, an
Dargah, Center of Excellence for artificial lighting system was designed using DIALux software (version 13.4).

Occupational Health, Hamadan Results: The highest and lowest WBGT values were obtained at 40.36 and 17.82
University of Medical Sciences, degrees Celsius, respectively. The mean scores of perceived stress of the first and
Hamadan, Iran second-shift workers were reported as 0.86+8.41 and 0.88+7.66, respectively. The

sound pressure level in the production hall was measured at 94.16 dB, which was
estimated to be about 74.16 dB inside the chamber. The average illumination
intensity was measured at 304 lux, with a uniformity ratio of 0.63.

Conclusion: The designed chamber effectively reduces noise and heat exposure in
the glass manufacturing industry while ensuring adequate lighting for employees.
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Extended Abstract

Background and Objective

Harmful physical factors, including noise, heat, and
lighting in the workplace, significantly affect the
physical and mental well-being of employees, as
well as their productivity. Hearing loss can result
from noise, particularly when it reaches levels
above 85 dB. Severe heat also causes physiological
disorders and even death. Combining these factors,
such as simultaneous exposure to heat and noise,
increases the level of discomfort and stress,
followed by decreasing cognitive function.
Moreover, inadequate lighting, when combined
with other factors, can adversely impact health and
productivity. In the glass industry, extreme
temperature, industrial noise, and inadequate
lighting can cause physiological and psychological
damage. However, limited studies have been
conducted to evaluate and control these factors.
The provision and implementation of control
strategies, especially building optimal chambers,
can be effective in reducing employee exposure to
these factors. Accordingly, the present study aimed
to design, validate, and simulate such a chamber to
improve working conditions in the glass industry.

Materials and Methods

The present study was conducted in the production
hall of a glass factory in the west of Iran to evaluate
heat, noise, and lighting stresses, followed by
providing control plans and strategies. After
evaluating the conditions, the molding unit was
selected for intervention design due to the highest
exposure to noise, heat, and lighting deficiencies.
Phase one involved the assessment of noise and
heat using the Wet Bulb Globe Temperature
(WBGT) index based on ISO 7243 and the
QUESTEMP 10 device which was used to take
measurements at 48 points across the production
hall employing a grid-based method. Furthermore,
the Perceptual Strain Index (PESI) was utilized
based on ISO 10551:2019 to assess workers’
perception of heat stress. Noise levels were
evaluated according to ISO 9612 using a Casella
CEL-450 sound level meter. It is worth mentioning
that the noise map of the production hall was also
generated.

The second phase included the design of a chamber
with air conditioning. In total, two chambers were
designed to accommodate the rest of 8 people,
each with an approximate volume of 49.5 cubic
meters and multi-layered wall structures (plaster,
brick, rock wool, concrete). To reduce the noise of
the environment, the doors and windows were
fitted with proper insulation. The thermal load
calculations were performed considering the
conduct, radiation, and physical characteristics of
the walls. Following that, the cooling load was
calculated utilizing a cyclomeric chart and the
ASHRAE 62.1 standard; moreover, the air condition
required for ventilation was estimated at 41.3 CFM
for each chamber. The cool coil capacity was also
calculated using air parameters and an appropriate
cooling system. To reduce the ambient noise inside
the chamber, the noise pressure level reduction was

calculated based on the ISO 15667 standard and
material specifications. The noise in this hall was
mainly in the low frequency range and the selected
materials  effectively  reduced the sound
transmission.

The third phase was dedicated to simulating the
design efficiency. Using Surfer software, WBGT and
noise distribution maps were prepared before and
after the chamber implementation, which showed
the reduction of thermal risk and loss of sound
transmission. Furthermore, the artificial lighting
system was designed using DIALux software to
provide standard lighting and visual comfort inside
the chamber. The color and material of the interior
surfaces were also selected to achieve appropriate
light reflection.

Results

The results of WBGT measurements at 48 stations
showed the highest and lowest values at 36.40 and
17.82 °C, respectively, which is higher than the
permissible limit in some stations. The average
WBGT was 25.06 °C and the average dry and wet
bulb temperatures were 24.55 and 23.43 °C,
respectively. The PESI was also calculated between
7.66 and 8.41 in the two work shifts, indicating
significant heat stress. After designing the chamber
and applying the insulation materials, the heat
transfer rate through conduction was estimated to
be 7438.5 BTU/hr, and radiation was estimated to
be 275.6 W. The final cooling capacity of the coil
was calculated to be 13410.5 BTU/hr. The air
conditioning system reduced the dry bulb
temperature from 107 to 77 °F and the relative
humidity from 60% to 40%. The average ambient
noise level was 93.28 dB, and considering a
transmission loss of 20 dB, the noise level inside the
chamber was reduced to 73.28 dB. Moreover, by
designing the lighting system with LED lamps, the
lighting intensity reached an average of 304 lux and
a uniformity index of 0.63, which is suitable for
writing activities.

Discussion

The present study aimed to design and validate a
chamber to reduce employee exposure to heat and
noise, followed by providing optimal lighting in the
workplace. Initial evaluation in a glass factory
showed that the WBGT index and the PeSI were
beyond the permissible limits, indicating high
thermal stress due to molten glass radiation. The
results are consistent with the findings of similar
studies in glass industries, foundries, and laboratory
environments. After designing the chamber and
applying the insulation layers, the simulations
showed that the temperature inside the chamber
had decreased to the thermal comfort range. The
cooling system designed using precise calculations
along with the psychrometric chart were able to
create favorable conditions. The acoustic
performance of the chamber walls also showed an
effective reduction in ambient noise with a
transmission loss of 20 dB. The selection of
materials, including rock wool and gypsum layer,
was effective in reducing noise and heat
transmission. In addition, the lighting system
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designed with DIALux software showed that the
lighting intensity and uniformity were within the
desired range. The obtained results indicate the
possibility of improving working conditions through
simple but effective engineering measures. The
main limitation of the study was the lack of actual
implementation of the chamber and the lack of
evaluation of its performance in an operational
condition. As a result, field studies and actual
implementation in similar industrial situations are
recommended in the future. In total, the proposed
chamber design can be used as an effective
engineering solution to reduce heat and noise
exposure and improve lighting conditions in high-
risk industrial environments, thereby preventing
occupational hazards for employees.

Conclusion

According to the evaluations conducted in the
present study to determine the efficiency of the
designed chamber, it seems that the design and
implementation of the chamber can reduce the
exposure of employees to noise and environmental
heat to less than the permissible 8-hour exposure
limit. Moreover, the simulation related to the design
of the lighting system using DIALux software
showed that the average ambient lighting intensity
is desirable according to the type of use of the
chamber. As a result, the designed booth can be the
basis of an appropriate engineering control measure
to prevent unnecessary exposure of employees
working in industries to harmful physical factors.
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This graph is only applicable for the following conditions:
Metabolic Rate: 1.3 met

Clothing Level: 1.0 clo or 0.65 clo as indicated on graph (interpolation of clo values

not allowed). Refer to Table 5.2.2.2A for clo values of typical clothing ensembles.
Average air speed: 20 fpm

Operative Temperature shall be determined in accordance with
Appendix C. Graph cannot be applied based on dry bulb
temperature alone. Also required are Section 5.3.3 Local Thermal
Discomfort and 5.3.4 Temperature Varations with Time.

For design compliance requirements, see Section 6 and
for evaluating occupied spaces see Section 7. 5
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