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Abstract

The extraordinary case of Covid-19 has made health workers the front line in
handling it. To prevent the risk of contracting, health workers must use Personal
Protective Equipment (PPE) as protection. PPE that must be worn for at least 5
hours a day and is waterproof makes users experience much sweating. If not
prevented, health workers can be exposed to dehydration and even death. Based
on the explanation above, PPE has been designed that can cool loT-based health
workers. Also, all activities can be monitored remotely via the WEB, accessible
via a smartphone or computer. In addition to WEB, data can be displayed via the
LCD. The DHT22 sensor and the airflow sensor will detect the hazmat's
temperature, humidity, and airflow. Furthermore, the tool is also equipped with
UVC rays that can clean the air from microorganisms. Activity data will be
stored in cloud storage, which is helpful as an evaluation material and reference
for health workers' health progress. From the tests' results, the tool will function
when the temperature and humidity follow the setpoint.

Keywords: Internet of Things, Monitoring, Personal Protective Equipment,
Dehydration, Covid-19.

L INTRODUCTION

In December 2019, the world was shocked by the Covid-19 outbreak in Wuhan, China. This
outbreak is caused by a coronavirus called Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV2) (Susilo, et al., 2020). Common symptoms of people exposed to Covid-19 are fever, cough,
shortness of breath, nausea, diarrhea, and digestive system symptoms (Kementerian Kesehatan Republik
Indonesia, 2020). However, symptoms of Covid-19 also emerged, such as the appearance of rashes on the
skin, muscle aches, coughing up phlegm, red and watery eyes, and fatigue (Muvianto & Yuniarto, 2020).
The transmission line for Covid-19 is droplets from the respiratory tract and the contact produced when
someone sneezes and coughs (WHO, 2020a). The incubation period for Covid-19 ranges from 5-6 days,
with the longest being 14 days. In the worst cases, Covid-19 can cause a person to experience pneumonia,
acute respiratory syndrome, kidney failure, and even death (Kementerian Kesehatan Republik Indonesia,
2020).The World Health Organization (WHO) has declared the Covid-19 outbreak globally as a
pandemic case (Susilo, et al., 2020). This case is one of the biggest problems in the world regarding
health after the second world war (Morabito, et al., 2020). The Covid-19 outbreak creates the toughest
challenge for the entire world community, especially health workers at the forefront. Every day, health
workers treat patients with or without Covid-19 symptoms (Foula, et al., 2021).Health workers on duty
must use PPE because they have a major risk of transmitting Covid-19, especially to isolation ward
officers, intensive care units, and emergency units (WHO, 2020b). PPE is special equipment or clothing
consisting of masks, eye protection, face shields, medical gowns, medical gloves, head coverings, and
protective shoes to reduce the risk of transmitting Covid-19 (Burton, et al., 2020).

The use of PPE to prevent virus transmission has been demonstrated previously during the Severe
Acute Respiratory Syndrome (SARS) outbreak Moore, et al. (2005) and the Ebola epidemic Fischer, et al.
(2015). Besides having to work around the clock, health workers must also adapt to the surrounding
environment when using PPE (Tumram, 2020). The temperature during summer in tropical countries,
e.g., India, can exceed 114.8°F. Many health facilities are not equipped with Air Conditioner (AC).

http://ijstm.inarah.co.id

1600


http://ijstm.inarah.co.id/index.php/ijstm/about/submissions
mailto:rafarfadilla@student.ub.ac.id

International Journal of Science, Technology & Management ISSN: 2722 - 401

Increased body heat accompanied by physical intensity, hot temperatures, and humidity have a higher risk
of exposure to disease (Kulkarni, 2007).In terms of quality, the PPE design currently used is not under the
specific characteristics of Covid-19. Besides having a limited stock, the use of PPE tends to make health
workers feel uncomfortable, primarily with prolonged use (Vidua, et al., 2020). PPE is designed only to
be used for 2-3 hours. Studies show that working with PPE for more than 4 hours can make health
workers experience headaches (Ong, et al., 2020). Meanwhile, Covid-19 cases have increased, forcing
health workers to extra hours to treat patients. Health workers also reported that the use of PPE causes
skin irritation, trichotillomania, and increased temperature, significantly reducing the effectiveness of
PPE (Locatelli, et al., 2014). Intensive use of PPE during Covid-19 can also cause sensory problems, such
as problems with vision and hearing. It disrupts health workers' performance and even endangers their
patients' health and theirs (Shenal, et al., 2012).PPE is designed with impermeable materials that inhibit
body heat loss and limited additional space for health workers when using PPE (Coca, et al., 2017). It can
cause an increase in heat stress and heat strain on health workers. The effects of heat stress, such as
complaining of the heat, sweating, always thirsty, uncomfortable, and loss of appetite, are caused by loss
of fluid from the body by evaporation in the form of sweat (Davey, et al., 2021). Some of these symptoms
tend to indicate heat exhaustion and dehydration. If severe, it can cause a person to have a heat stroke and
even a health worker to fall while on duty (Tumram, 2020).

When working, particularly in high ambient temperatures, the standard methods to reduce body
temperature are drinking lots of water, dividing work and rest, wearing cotton clothes, or working slowly.
However, health workers wearing PPE cannot apply such adjustments on duty. Hence, it can disrupt the
performance of health workers and cause unwanted conditions, such as dehydration. Therefore, it is
highly recommended that health workers use PPE made from moisture-absorbing fabrics made of
polyester, polypropylene, nylon, bamboo, and micro modal (Tumram, 2020). Dehydration is fluid loss
from several parts of the body characterized by sweating, feeling weak, and even fainting. Dehydration
can be caused by an increase in fluid requirements from intake so that the volume of fluid in the blood
decreases (Benton, 2011). Dehydration also affects the ability of performance. If not treated immediately,
it can cause health problems, disability, and even death (Aprillia & Khomsan, 2014).Loss of fluid in the
form of sweat results from evaporation, which depends on environmental temperature, humidity, and
wind speed. The higher the temperature and the lower the humidity, the fluid loss will increase.
Meanwhile, normal human body temperature has a range of 36.5°C-37.5°C and ideal humidity of 40%
RH-60% RH (Gibson, et al., 2012).The development and study of PPE equipped with air conditioners in
it are limited. Sterman, et al. (2021) stated that an Air Shade project had been developed in Israel to use
health workers dealing with Covid-19. The Air Shade project is designed on PPE while still paying
attention to the ergonomic side to provide comfort for health workers.

The leading concept of the system is to circulate filtered air over the face of the health worker
using a headband. The designed headband has a vent nozzle connected to a High-Efficiency Particulate
Air (HEPA) filter and a compressor unit that hangs by a belt above the health worker's pelvis. Some parts
of the Air Shade System are disposable, and the rest must be cleaned before reuse.Moreover, another PPE
development was carried out by Dr. Darmawan Ismail and the team from Semarang State University
(UNS). The PPE used water-repellent material. It claimed not to make the health workers hot when
wearing it and is safe due to its respiratory tract. The PPE was called Surgeons of UNS (SUNS)
Protective Equipment (Proque). SUNS Proque is equipped with tools to filter viruses. The filter uses a
sponge and detergent water. They selected a sponge since the fibers are dense and irregular. Hence, it
maximizes filtration, helps air humidity, regulates temperature, and gives fragrance. PPE was designed up
and down with an internal mini fan to help suck outside air through the air filter to make the body lighter
during inspiration and lasts longer (UNS, 2020).The authors also developed PPE for air cooler during use
and remote monitoring based on ESP32. The PPE has a portable tube to facilitate health workers to carry
and is easily attached to a modified hazmat suit. Also, the tube is equipped with UVC rays to clean the air
from microorganisms. UV light is used, acting as a germicidal agent. Exposure to UV type C light with a
wavelength below 260 nm can kill biological agents, such as bacteria and viruses (Gutiérrez, et al., 2015).
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The sensor utilized was the DHT22 sensor to read temperature and humidity, and the airflow sensor
detects airflow in the PPE of health workers. The two sensors will work integrated to make the tool
system efficient.
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Fig 1. Study Framework
Figure 1 shows that the study process method began with a literature study. At this stage, the
authors studied and read literature related to the study. Libraries used as references were scientific

journals, books, or sources from the internet. Then, the authors made the design of hardware, software,
and electronic circuit schematic.
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Fig 2. (a) Design Illustration (b) Hardware Diagram Block
The author constructed the appropriate design at the hardware design stage, as presented in the picture.
The material used in the tube and box was Acrylonitrile Butadiene Styrene (ABS) plastic. The size of the
tube was 7.62 cm in diameter and 36 cm in height. Moreover, the box volume was 13.5 x 5.5 x 7 cm’.
Meanwhile, the material used to modify the hazmat suit was polyester. Tubes and boxes contain
electronic components that function to run the entire system on the equipment to be used.This tool
employed a 12V LiPo battery as the main power supply. The input to the device consists of a DHT22
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sensor and an airflow sensor. The device's output is a relay module that controls the centrifugal fan,
Peltier, and UVC LED. This tool is also equipped with an LCD and a buzzer to indicate unsuitable air
temperature. An ESP32 microcontroller was used as a data processor since the Internet of Things (IoT)
feature is required in this tool. The temperature reading data will be sent to the monitoring web to monitor
the health condition of the health workers.
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Fig 3. Flow Diagram
Furthermore, at the software design stage, the authors built a software design that is the system flow of
the entire study.
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L

Fig 4. Overall Electrical Sequence
Figure 4 presents the overall electronic circuit used in this tool system. The electronics circuit
consists of an LCD, ESP32, DHT22 sensor, airflow sensor, buzzer, centrifugal fan, voltmeter, Peltier,
UVC LED, stepdown module, 12V LiPo battery, and relay.
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Fig 5. Monitoring Web Display
The tool application is accessible via a PC or mobile browser (Personal Computer). Account creation will
be adjusted with channel creation to monitoring the tools. The monitoring web display is shown in Figure
5. At the hardware and software integration stage, the authors connected the two devices to become a
system to work as a whole and continuously. Then, the authors tested the tools separately and thoroughly
in one system. At the stage of analysis and conclusion, the authors summarized the study to acquire the
desired results.
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III. RESULT AND DISCUSSION
Several tests and analyses were carried out on the entire tool in the results and discussion, both on
input and output. Sensor testing and analysis were performed to determine whether the sensor is
appropriately functioning as planned. The tests carried out are as follows:
1. Battery Resistance Test Result
This test was performed by measuring current and voltage consumption periodically to determine
the resistance of the tool during use.

_is ol e F—

Fig 6. Battery Resistance Test
From the test results, the current consumption was 4.38 A. When the device is on standby, the current was
relatively constant by 1.24 A. Meanwhile, the voltage continued to drop from 12.6 V to 10.9 V because
when the battery's voltage is below 10.9 V, the tool is not functioning correctly. Besides, the battery
voltage was relatively constant due to the absence of current consumption. The results of the tests are
presented in Figure 7.
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Fig 7. Battery Resistance Test Graph Result (a) Resistance (b) Current
2. Cooling System Test Result
Testing of the cooling system was carried out using the DHT22 sensor. The DHT22 sensor will
detect temperature and humidity during PPE use. ESP32 will get from the sensor to be processed and
activate the centrifugal fan and Peltier based on a predetermined set point. The setpoint can be determined
by setting the threshold. The results of the cooling system test are presented in Table 1.
Table 1. Cooling System Test Result

Test Temperature Humidity  Fan Peltier

No. (°O) (% RH)
1 <th <th off off
2 <th > th off On
3 > th <th On off
4 > th > th On On
5 <th <th off off
6 <th > th off On
7 > th <th On off
8 > th > th On On
9 <th <th off off
10 > th > th On On

NB: th = Threshold
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3. Air Circulation Test Result
Air circulation is the main component in PPE, where the centrifugal fan will absorb the hot and
humid air inside and passed to the UVC LED to clean from microorganisms and the Peltier to lower the
temperature. Figure 8 illustrates the results of the air circulation test.
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Fig 8. Air Circulation Test Graph Result
From the test results, the airflow value varied due to the temperature and humidity conditions in the PPE.

4. Data Transmission Test Result
Data transmission test was performed by first connecting the hotspot from the ESP32 with a PC or

cellphone to monitor the condition of health workers. After successfully connecting the device with a PC
or cellphone, the data is ready to be displayed on monitoring web. The documentation of the data
transmission test results is presented in Figure 9.
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Fig 9. Data Transmission Test
5. Data Display Test Result
Data from the device will be displayed on the LCD and sent to the monitoring web. The data to be
displayed are temperature, humidity, and airflow. Meanwhile, in addition to these three parameters, the
monitoring web can also set the threshold of each parameter. The display of the LCD and monitoring web

can be seen in Figure 10.

TEMPERATURE HUMIDITY FLOW RATE
269*C 1% 0 L/min
UV STATUS FAN STATUS COOLER STATUS
ON ON ON

Temparature Threshold : (current value 34)

» St

Humidity Threshold : (currant value 80)

Flow Threshold : (current vaiue 20)
(@ (b)
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6. Overall System Test Result
Testing was carried out by trying the tool to determine the performance of the system as a whole. The

tool has been able to function correctly as a whole as expected.

Iv.

V.

Fig 11. Overall System Test

CONCLUSION

Based on the results and discussions in this study, several conclusions can be obtained as follows:
From the battery resistance test results, it can be concluded that when the voltage is below 10.9
V, the device is not functioning properly.

From the test results of the cooling system, it can be concluded that the centrifugal fan and Peltier
will run based on the set point that has been determined by setting the threshold.

From the air circulation test results, it can be concluded that the airflow value varies due to the
temperature and humidity conditions in the PPE.

From the test results of data transmission, it can be concluded that the system will be active if it is
first connected to a hotspot from ESP32.

From the results of testing the appearance of the data, it can be concluded that the temperature,
humidity, and airflow data will be displayed on the LCD and monitoring web. In the monitoring
web, one can also set the threshold of each parameter.

From the results of testing the whole system, it can be concluded that the tool is appropriately
functioning as expected.
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