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Abstract: Environmental indoor air quality is one of the major concerns in occupational safety and health

issues related to workers. Nowadays, the evolving of Internet of Things (IoT), the monitoring of the
surrounding environmental desired parameters is more fascinating with the use of various sensors. Real time
data now can be monitored with the Wi-Fi connection where the data being transfer across the network cloud
with different platform service. This research focus is on the environmental monitoring for indoor air quality
in terms of carbon monoxide (CO) in selected palm oil mill factory. This project aims to benefit the workers
in a way where air quality is monitored. This low-cost device air quality monitoring (LCDAQM) used an
ESPduino-32 to collect and process sensed data to the ThingSpeak platform service that can be monitored
through web based or apps. The level of the carbon monoxide (CO) will light up the red LED when reach
more than 50ppm which was set by OSHA. Result shows that level of CO in factory is unhealthy and need
future engineering control action. The validation between LCDAQM and RS CO meter show the percentage
error of 14.41%. Therefore, this study will help workers and factory to monitor and reduce the occupational
safety and health (OSH) related problems to indoor air quality in factory.
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INTRODUCTION
In this industrial revolution era, factories are
growing as it is a platform for mass production of
products to be used in everyday life. A factory can be
very huge in size that requires a lot of workers to
function all the tools or machine to initiate mass
production. The products vary from processed food,
electric appliances, cleaning utensils, writing utensils,
clothing, car spare parts, smart phones, cleaning
chemicals, tools and many more products that requires
mass production. Monitoring system can help ensure the
safety of people and reduce compensation among
workers.

monitoring the ultraviolet level, water level, and air
quality monitoring. It will then sound alarm indicating
that a dangerous level has been reached. This help to
alert people to avoid certain places that are affected by
dangerous condition. The alarm should not be limited by
making an alarm sound. It can be emergency light, alert
from a phone, or informed by a security which oversees
alerting other workers. Conventionally, monitoring
system for air quality are usually deals with large sizes
and high costs for installation and maintenance [1].
Furthermore, it is time-consuming procedures are
needed offline even though the precise data collection
results can be produced [2]. Thus, air quality data is hard
to gathered while offline and his may led to
environmental problem issues if the data is not

Other than that, monitoring system can be
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because it consists of boiler which run by burning oil
palm fiber (mesocarp) as main fuel. The palm oil mill is
known to emit smoke and CO from the boiler. The
emission is always monitored by existing monitoring
from the company released to the air from the chimney.

monitored in real time. With the rapid development of
Internet-of-Things (IoT) technology, nowadays wireless
networks such as the wireless sensor networks (WSNs)
can be one of the methodologies to transmit the sensed
data [3][4] and another research using ThingSpeak in
IoT in factory [5]. This help monitoring system to be
more realistic and action taken would be faster.

Data Collection for Questionnaire
The questionnaires or survey forms were designed based
on establish questionnaire [13] which relates to the
condition or type of work done by workers it was pretested to ensure the questions were understandable.
Questionnaires were given to the workers in the factory.
There are 2 shift which consist of 20 workers each shift
that totals up to 40 workers. As for this experimental
research, 30 subjects per group is often cited as the
minimum [14].

A current research shows people tend to change
their behavior and activities to improve air quality
towards modern level of indoor air quality [6]. Studies
indicate that indoor levels of pollutants may be two to
five times higher than outdoors [6,7]. There are also
several studies showed that people spend their time in
enclosed environments such as offices, schools, homes,
and shopping malls up to 90% from their lifetime [8,9].
There a lot of research has been done to monitor the
indoor air quality especially in offices, school, home but
rarely research in indoor air quality in factory aspects.
Such a study of indoor air quality has been done are
Firdhous et al. [10] develop an IoT-based IAQM system
limited to monitoring Oxygen (O2) concentrations near
photocopy machines. While wireless electronic nose to
detect health-endangering gases in indoor environments
has been developed by Hassan et al. [11]. Lastly, Chen
et al. [12] described a system for monitoring carbon
dioxide (CO2) in indoor environments.

Low-cost Device Development
a.
Conceptual Design
A block diagram of the low-cost smart device was
created to show a diagram showing in schematic form
for the parts or components arrangement of a complex
system or process. It comprises of main component,
which is Microcontroller, Wi-Fi, gas sensor, Block
diagram shows how the components are been used and
placed. It also shows the type of data flowing in the
system. Figure 1 shows the conceptual design in
schematic diagram.

Thus, in factory indoor air quality can be major
concern towards the workers. Advanced HVAC
(heating, ventilation, and air conditioning) systems use
carbon dioxide (CO2) sensors to trigger an alarm and to
control ventilation. While for indoor air monitoring is
typically confined to smoke and carbon monoxide (CO)
detectors with binary detection results [2]. Therefore,
this study aims to investigate the workers exposure
experience with indoor air quality in factory. It is also to
monitor and test the indoor air quality (CO) using lowcost develop device to verify the level of CO in the
factory. This research also produces a monitoring
system to alert people on the indoor air quality problem
before anyone inhale the harmful gas or polluted This
provide preliminary information to workers and
supervisor to take further action and help to reduced
OSH related problems toward workers.

Fig 1: Schematic diagram of conceptual design
b.
Morphological Chart
One of structured approach to concept generation in way
of searching the best solution to a defined design
problem. This can generate a complete range of
alternative for low-cost device might take and it shows
in Table 1.

METHODOLOGY
In this study, Questionnaire used to do analysis of the
type of discomfort experienced by workers regarding to
indoor air quality in factory. Survey were conducted
among the workers of the factory. The survey was
designed and pre-tested before handing it to the workers.
A local palm oil mill factory located in Kota Samarahan
was selected for this research to test the low-cost device
(LCDAQM). The reason for selecting a palm oil mill is
7
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Table 3: Sensors Details selection
Table 1: Morphological chart

d.
Final Design
The final design then fabricated to produce the product
of low-cost device for air quality monitoring
(LCDAQM) shows in figure 2.

c.
Embodiment Design
In this study the used of embodiment design in design
process part starting from the principal solution or
concept of a technical product. This help to develop
detail design with required criteria before the production
started. Configuration part of the design with selected of
the predefined components are defined and all the
requirement with the set of constraint need to be obey
for the assembly process. Then material selection was to
correspond with the desired design before getting to the
final design. Table 2 shows the criteria evaluation and
table 3 shows the sensors detailed selection for this lowcost LCDAQM device.

Fig 2: Final design LCDAQM
e.

ThingSpeak IoT Platform Service for
Monitoring

f.
To use ThingSpeak, an account must be created to make
a channel to collect the data and display it to a graph.
The channel must be named and define the axis names.
The sharing of channel can be share public or private
which can be set during the making of channel.
a. The sensor libraries need to be load in Arduino
IDE Software
b. To visualize sensed data program will be
executed.
c. Output can be visualized in ThingSpeak cloud
by enter the Network credentials in IDE and
program been executed.

Table 2: Criteria Evaluation Table

RESULT AND DISCUSSION
Questionnaire Result
Based on the selected question, the questionnaires were
given to the 40 respondents (workers) in the factory.
Below are the findings related to indoor air quality in
palm oil mill factory. Figure 3 shows the percentage of
health issue experienced by workers during the past year
8
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of working in the palm oil mill. The most health issue
symptoms have been complained by workers was sore
throat 20%, which might be related to the air quality of
the mill. Then followed by other symptoms that relates
to air quality problem.

Fig 5: Percentage of awareness and notification
Data Collection Analysis
The developed low-cost device LCDAQM was tested to
collect data on level of carbon monoxide present indoor
of the factory then evaluated. The data collected were
visualized in ThingSpeak and chart. This smart device,
it is programmed to detect the level of carbon monoxide
(CO). For this situation, the boiler burns the palm fruit
bunches which emits smoke as by product of burning.
Therefore, this device sensed this smoke that contains
CO gas which triggers the sensor and collects the data
regarding the concentration of the smoke in part per
million (ppm). Figure 6 shows the data collection of CO
in ppm gathered from ThingSpeak web.

Fig 3: Health issue experienced by workers
Figure 4 show that 42.5% of workers wear their personal
protective equipment (PPE) sometimes. This may be
due to over confidence of a worker on their protection.
Some may be lazy to wear or uncomfortable to wear the
PPE which may disrupt their breath and performance.
Some workers may do not have the habit of wearing PPE
where it is not certain when they will wear it. This result
also shows the potential cause of health problems
because if the air condition happens to be bad, it will be
too late to avoid as they might inhale small amount of
hazardous gas before they wear PPE. However, it is
crucial for the workers to wear PPE especially when
working with life threatening job. Meanwhile, figure 5
shows that 90% of worker does not get any notification
from the factory about the level of indoor air quality
(IAQ).

Fig 6: Data collection and monitoring
Figure 7 shows the data of air quality for 2.5 hours taken
at the same area. This data shows different air quality
within time. The total number of data taken for the
whole 2.5 hours is 600 data. Based on the observation of
the graph, it shows raise of concentration of CO at high
level. The concentration of CO then drops to normal
level which is below 100ppm shown by a red line in the
graph. The concentration of CO rises for short period of
time then drops to normal concentration. The graph
show that the concentration of CO does not remain at
very high level at most time. By referring to OSHA
Carbon Monoxide (CO) Permissible Exposure Limit
(PEL) for CO is 50 parts per million (ppm). OSHA
standards prohibit worker to be expose to more than
50ppm of CO gas of air averaged during an 8-hour time
period [15].

Fig 4: Percentage worker wearing PPE
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on others sensor and tested with different would be
needed to verify the initial results obtained in this study.
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Fig 7: Indoor air quality (IAQ) in factory
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Fig 8: Comparison of CO level from 2 devices
CONCLUSION
This study shows that the palm oil mill factory needs to
take future action in ensure the health and safety issues
toward worker. As findings shows that the level of the
carbon monoxide (CO) in factory are crucial when reach
more than 50ppm set by OSHA guideline. To increase
good environmental safety towards worker, monitoring
system in factory need to be in their concern in future.
This study also shows that the objectives are achieved
from the investigation with the workers and the
LCDAQM can be one of the solutions for the factory in
reducing OSH related problem towards the worker in
factory. For better result in future, comprehensive study
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