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Abstract

Objectives: This study aimed to investigate the effectiveness of cooling vests based
on nanofibers and packages of phase change materials (PCM) in reducing the
thermal stress of medical personnel in hot workplaces.

Methods: In this experimental study, 20 males were exposed to 10 combined
scenarios of temperatures of 24°C and 32°C in a room simulating atmospheric
conditions and having 5 samples of cooling vests. Physiological parameters,
including skin surface temperature, tympanic temperature, and oral temperature
were measured before and after exposure to air temperature conditions by
simulating the activity metabolism of hospital workers. The normal distribution of
the data was checked with the Kolmogorov-Smirnov test, and the analysis of the
effect of the scenarios was performed through the analysis of variance with repeated
measurements.

Results: The results confirmed that in the condition without a vest, the air
temperature of 32°C compared to the air temperature of 24°C had a greater effect
in increasing the tympanic body temperature (P<0.05). The significant effect of
using nanofiber vests along with PCM packages was observed in reducing skin
temperature, tympanic temperature, and oral temperature in hot temperature
conditions with effect sizes of 0.498, 0.568, and 0.349, respectively (P<0.05). The
effect size of increasing the air temperature was lower than that of the type of
cooling vests on the physiological responses, indicating that the effectiveness of the
designed vests is enhanced with an increase in temperature (P<0.05).

Conclusion: The use of nanofiber cooling vests and PCM packages is effective in
maintaining the body temperature stability of medical personnel in hot
environments due to ideal weight and acceptable effect size.
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Extended Abstract
Background and Obijective

The use of local cooling protocols as one of the personal
protection methods in the improvement of movement
functions, vision, fatigue, and situational awareness of
workers in a hot environment has been widely studied. One
of the new cooling methods is the use of cooling vests
containing phase change materials (PCMs). The present
study aimed to assess the effectiveness of cooling vests
containing nanofibers and PCM packages in reducing the
thermal stress of medical personnel in hot workplaces.

Materials and Methods

In this experimental study, 20 male students in the age
range of 18-30 years were selected. The location of this
research was the conditioning chamber of the thermal stress
laboratory of the Faculty of Public Health, Hamedan
University of Medical Sciences. An airflow speed of 0.2 m/s
was also considered. The temperature of dry air in the summer
was randomly applied in two temperature ranges of 24°C and
32°C, and the relative humidity was regarded as 40%.
PCM/POLYMER nanofibers were produced using the
electrospinning method, which produces nanofibers with
diameters ranging from 3 nm to 1 mm. PAN
(polyacrylonitrile), PVDF (polyvinylidene fluoride), and 6PA
(polyamide six) were used as the shell (shell part). PEG1000
(polyethylene glycol 1000) as a PCM material was one of the
pilot choices as the core (core part) of nanofibers. PCM
packages with specific dimensions and silicone coatings
containing PCM, in this case, high-purity paraffin or
PEG1000, were packed in the amount of 100 grams per pack.
In the designed vest, eight packs are used: four packs in the
front part and four packs in the back part of the vest. In this
study, 10 scenarios were designed. Nine combined scenarios,
including exposure to physical temperature parameters at two
levels of 24°C and 32°C with Wet Bulb Globe Temperature
(WBGT) Index of 20°C and 24°C and one scenario of
reference conditions without control interventions. According
to the conducted studies, the average metabolism of the
treatment staff in the summer was considered in the average
range of 165 W/mg, and the treadmill speed was regarded to be
4 km/h with a zero percent slope. Firstly, the body mass index
was measured; thereafter, skin surface temperature, tympanic
temperature, and oral temperature were measured before and
after wearing the vest and performing an activity similar to the
activity of the treatment staff in the hospital or conditions with
moderate metabolism. After data collection, they were
analyzed using SPSS software (version 22).

Results

Scenario 1 (vests with PCM/POLY MER fabricsand PCM
packs (PCM-cool-vest) had the largest effect size in reducing
the skin temperature difference after exposure compared to the
baseline state in comparison with other scenarios. The effect
sizes were obtained as 0.136 and 0.498 at 24°C and 32°C,
respectively. In addition, at 32°C, this vest was more effective

in cooling compared to a temperature of 24°C. In reference
conditions without a vest, the air temperature of 32°C
compared to the air temperature of 24°C had a greater effect in
increasing the tympanic body temperature. Scenario 1 had the
largest effect size in reducing the tympanic temperature
difference after exposure compared to the baseline in
comparison with other scenarios. The effect sizes were 0.206
and 0.565 at 24°C and 32°C, respectively. In addition, by
increasing the temperature to 32°C, this vest was more
effective in cooling compared to 24°C. In reference conditions
without a vest, the air temperature of 32°C compared to the air
temperature of 24°C had a greater effect on increasing oral
temperature. Therefore, the oral temperature of people with a
temperature of 32°C has increased more. Scenario 1 had the
largest effect size in reducing the difference in oral temperature
after exposure compared to the baseline in comparison with
other scenarios. The effect sizes of 0.412 and 0.349 were
observed at 24°C and 32°C, respectively. Moreover, at 32°C,
this vest was more effective in cooling compared to 24°C.

Discussion

The use of cooling methods, including cooling vests, is
recommended as one of the effective self-care solutions in
dealing with heat for people living in hot environments. The
results showed that the three scenarios, including the vest
containing PCM fabrics (pcm-vest), did not have a
significant effect in reducing body temperature when
exposed to heat. Therefore, from a practical aspect, the use
of PCM packages can provide a much better performance for
hospital staff compared to PCM fibers. Nonetheless, vests
with PCM/POLYMER fabric and the simultaneous use of
PCM packs (PCM-cool-vest) had the greatest effect in
reducing body temperature when exposed to heat. The use of
PCM in the inner wall of cooling vest fabrics and, as a result,
the reduction of the fabric's thermal transfer coefficient
effectively increases the heat absorption capacity of PCM.
Among the important achievements of this research, w can
refer to the significant effect of using this type of vest in
creating the thermal stability of the body, with effect sizes of
0.498, 0.568, and 0.349, respectively, in reducing average
skin temperature, as well as tympanic and oral temperature,
compared to non-intervention conditions. The results
showed that within the range of combined conditions of
temperature and vests studied, The effect size of increasing
the air temperature was lower than that of the type of cooling
vests on the physiological responses, indicating that the
effectiveness of the designed vests is enhanced with an
increase in temperature and its effect on improving the
physiological responses of people is significant.

Conclusion

The results of the preset study recommend the use of
nanofiber cooling vests along with PCM packages for the
treatment staff in hot environments due to their ideal weight
and acceptable effect size.

Please cite this article as follows: Davoodizadeh A, Aliabadi M, Habibi Mohraz M, Farhadian M, Shafiee Motlagh M.
Performance of Vests based on Nanofibers and Packages of Phase Change Materials to Reduce Thermal Stress in a Hot Work
Environment: An Experimental Study. Iran J Ergon. 2023; 11(2): 90-100.
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