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ARTICLE INFO ABSTRACT

Article History: Modernization has brought the world technological advancements, but it has also brought with it a slew of

Received: 28.03.2021 problems. In today's Malaysia, air and noise pollution are becoming more of a concern, along with a rise in

Accepted: 02.05.2021 occupational disease. A monitoring system is needed to address these issues. This paper describes the

Available Online: 21.06.2021 development of a real-time loT-based air and noise pollution monitoring system that can provide
monitoring and alert the user to the pollution levels. This monitoring system was built using loT technology,

Keywords: which included the use of an ESP8266 Wi-Fi Module NodeMCU as a microcontroller to communicate with the

chosen loT analytics platform, ThingSpeak. A gas sensor MQ9 was used to measure carbon monoxide

loT Monitorin . : - .
g concentrations, and a sound sensor LM393 was used to measure noise levels in the surrounding area. The

Real-time measured values were displayed on the Arduino software's serial monitor, then sent to the ThingSpeak
NodeMCU server and graphically displayed in real time on a screen. The results of the electronic sensors were
ThingSpeak compared to the results of the stand-alone carbon monoxide meter and digital sound level meter for
Air Pollution validation. The proposed monitoring system produced promising results, with 91.12 % and 97.86 % accuracy
Noise Pollution for gas and sound levels shown by the gas sensor MQ9 and sound sensor LM393, respectively. The framework

also provides ThingSpeak server warning messages. When the calculated conditions exceeded the user's
defined cap, the server sent the user an email update with the gas and noise limit status. This has made
the system more useful and convenient.
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Introduction (mineral) industry, oil and gas industry, petrochemical
Malaysia's industrial growth has accelerated in recent industry, pulp and paper, power plant, and waste
years. This raises pollution levels, especially in industrial incineration sector [1]. Each of the pollutant has different
areas. Major industries affecting the air quality are the iron trait. For instance, Particulate matter (PM) can cause lung
and steel industry, nonferrous metal industry, non-metallic cancer and cardiopulmonary deaths while ozone (Os) can

* Corresponding author: Ili Najaa Aimi Mohd Nordin reduce lung cancer function and induce coughing and
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choking [2]. Carbon monoxide (CO) can cause mortal growth
in pregnant women as well as affect tissue development of
young children [2]. The concentration of carbon monoxide
and the duration of exposure will determine the probability

of health risk. The toxic effects range from subtle
cardiovascular and neurobehavioral effects at low
concentrations to unconsciousness and death after

prolonged exposures to high concentrations of carbon
monoxide [3]. A non-irritating gas such as nitric oxide (NO)
may irritate respiratory infections with symptoms such as
cough, sore throat, nasal congestion, and fever while sulfur
dioxide (SO2) can cause shortness of breath in people with
asthma [4]. According to the Ministry of Health Malaysia
(MoH), respiratory system diseases were one of the leading
causes of hospitalization in MoH hospitals in 2011,
accounting for 10.36% of all hospitalizations (MoH, 2012) [5].

Noise-induced hearing loss (NIHL), in addition to
respiratory disease, is also one of public health issues [9]. It
is, however, regarded as the most preventable cause of
hearing loss in the workplace [6]. Every year, the number of
occupational diseases in the heavy machine industry rises. In
Malaysia, based on the industrial noise control module, cases
regarding occupational noise related Hearing Disorders (HD)
increased from 2876 cases in 2016 to 4787 cases in 2017 [7].
Machinery, manufacturing, and automobiles are the three
most harmful causes of noise emissions in an industrial
environment [4]. Excessive noise causes low performance
and absenteeism among workers, as well as a loss of
productivity due to hearing loss [9]. It also induces sleep
disorders and a variety of health problems, including
hypertension and human psychosis. An individual can
tolerate 90 decibels (dB) of noise for 8 hours, 115 dB for a
short time, and noise levels higher than that are not
recommended [7]. According to other research, peak sound
levels of 85dB to 90dB can cause hearing loss [9].

While many systems exist to track air pollution levels and
detect toxic gases, many businesses need a real-time loT
monitoring device. The smart city model, which is rapidly
becoming the benchmark for both developing and developed
countries [10], includes air quality monitoring and control.
The loT-based industrial plant safety gas leakage detection
system is an existing air pollution monitoring system
equipped with a loT system specially designed to detect gas
leakages in power plant sites to avoid pollution, explosions
and maintain the safety of employees. The proposed leakage
detector is able to detect various types of gases and
immediately alert workers via Short Message Service (SMS)
notifications. Despite its simplicity, the centralized warning
protocol may be ideal for alerting powerplant personnel in
circumstances where cell phones are not permitted. Indoor
air quality system is an loT system that is innovatively
integrated into the use of Raspberry Pi, Fuzzy logic, and
Cloud Server applications [12]. This system can detect
carbon dioxide gas and particulate matter (PM10) [12].
Message Queuing Telemetry Transport (MQTT) is the main
con of this system as it only functions in a low bandwidth
device.

K. Gayathri proposed a device has high sensitivity
towards more gases such as ammonia, sulphide, and benzene
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steam in a study [13]. At the same time, the device will
determine the air quality index and noise levels. These
systems, including the indoor air quality system, use
Message Queuing Telemetry Transport (MQTT) to monitor
outputs and send messages [13], which is the con of this
system. Another system provides additional features such as
air, sound, temperature, and humidity monitoring [14]. The
inputs of this system are from the MQ135 and MQ7 gas
sensors, sound sensor module mic, andDHT11 temperature
humidity sensor. This system can detect hazardous gas and
display pollution levels on an LCD display monitor. It is not,
unfortunately, designed for wireless centralized monitoring
[1].

The proposed framework in this paper, on the other
hand, integrates gas and noise pollution measurement and
provides centralized monitoring from a website, as well as
the ability to warn the user when pollution levels reach
alarming levels. This will ultimately provide impetus to
address the pollution problem in heavy industry while still
ensuring that pollution levels remain within safe limits.

Methodology

The proposed loT Based Air and Noise Pollution
monitoring system block diagram is presented in Figure 1. A
NodeMCU ESP8266 Wi-Fi module is used as the main
microcontroller as it can connect to the selected loT server
using Wi-Fi connection. Wireless communication between
ESP8266 Wi-Fi Module NodeMCU and ThingSpeak was
enabled. ThingSpeak was the cloud system used to analyze
and store air quality and noise level data. In this proposed
system, hotspot mode was used to connect ESP8266 to the
internet. A mobile phone was used as a hotspot to make it
easier for ESP8266 to connect to the Internet without
installing a separate wireless router. A NodeMCU board is
used as it offered a simpler and direct conversion from
analog to digital.

Gas sensor MQ9 was used to measure carbon monoxide
concentrations and a sound sensor LM393 was used to
measure noise levels in the surrounding area. Gas sensor
MQ9 has a range of detection of 10-1000 ppm for Carbon
Monoxide gas and 100-10000 ppm for combustible gas.
Figure 2 shows the hardware setup when measuring the
carbon monoxide concentration and noise level using the
MQ9 gas sensor and LM393 sound sensor. Figure 3 (a) shows
the Benetech carbon monoxide meterand the (b) SMART
SENSOR Intell Instruments Pro digital sound level meter.
Both are stand-alone measuring devices used to measure
carbon monoxide concentration and noise levels for
validation purpose. The Benetech carbon monoxide meter
used to measure carbon monoxide concentrations has a
measuring range from 0 - 1000 ppm carbon monoxide and a
basic error rate of 5 to #10 ppm. A digital sound level
meter manufactured by SMART SENSOR Intell Instruments
Pro used to measure the noise level in the surrounding area
has a basic error rate of +1.5 dB and is able to measure
noises ranging from 30 dB - 130 dB. The values obtained
from both devices were used as true values.
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Figure 1. Showing the block diagram of the proposed system

Figure 2. Showing the hardware setup of the loT Based Air
and Noise Pollution Monitoring System

(a) (b)
Figure 3. Showing the (a) Benetech Carbon Monoxidemeter
and (b)SMART SENSOR Intell Instruments Pro Digital Sound
Level meter

The hardware setup for measuring carbon monoxide
concentrations from the smoke produced from the burned
paper using gas sensor MQ9 and carbon monoxide meter is
shown in Figure 4 (a), while the hardware setup used to
measure the noise levels in a room using sound sensor LM393
and digital sound level meter is shown in Figure 4 (b). A
Bluetooth speaker was set up as a noise source. The sound
sensor LM393 was placed next to the Bluetooth speaker, a
song was played and the noise produced by the speaker was
measured.

(a) (b)
Figure 4. Showing the hardware setup used to measure(a)
Carbon Monoxide concentrations and (b)noise levels using
sound sensor LM393 and digital sound level meter

Before the experiment was conducted, the gas sensor
was connected to the NodeMCU and the Arduino code was
uploaded to calibrate the gas sensor. The gas sensor was
exposed to fresh air for 30 minutes to obtain the sensor
resistance in fresh air (RO), y-intercept (b), and gradient
(m). The RO value was used to divide the sensor resistance
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into specific gases (RS) to get a ratio. The ratio value was
later used to get the ppm value in linear scale by subtracting
the y-intercept (b) value and dividing by the gradient (m)
value. The ppm (parts per million) value was converted into
log scale.

Results and Discussion

The value obtained by the gas sensor MQ9 and sound
sensor LM393 were both analog inputs. Both sensors were
connected to the analog pin of ESP8266 Wi-Fi Module
NodeMCU. The value obtained from analog input was
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converted to into digital output. The measured ppm value
and noise level in decibel (dB) were displayed on the
Arduino serial monitor of the selected COM port. The data
was sent to the ThingSpeak server and the output displayed
in graphical analytic form.

Referring to Figure 5 (a) and (b), it shows the
ThingSpeak graphical representation of gas level. Figure 5
(a) shows the highest carbon monoxide concentration, while
Figure 5 (b) shows the lowest concentration value obtained
from the gas sensor MQ9.
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Figure 5. Showing the ThingSpeak graph of the (a) maximum concentration of Carbon monoxide, CO and (b) minimum
concentration of Carbon monoxide, CO in ppm (parts per million)

The ThingSpeak graphical representation of noise level
in decibels (dB) is shown in Figures 6 (a) and (b). Figure 6 (a)
shows the highest level of noise while Figure 6 (b) shows the
lowest level of noise recorded from the sound sensor LM393.
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To activate the alerting state, a Bluetooth speaker was
turned up to its maximum volume to provide loud sound
from a song.
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Figure 6. Showing the Thingspeak graph of the (a) maximum noise level and (b) minimum noise level in decibel (dB)

The validation results are shown in Figures 7 and 8.
Running ten trials and averaging the findings completed the
validation process for carbon monoxide concentration.
Figure 7 shows that the average carbon monoxide
concentration for the gas sensor MQ9 and the carbon
monoxide meter are identical, though the average values
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varied at times. This might be due to the tolerance level of
the sensor and carbon monoxide meter. The ability of gas
sensor MQ9 and carbon monoxide meter to measure the
carbon monoxide concentrations was also hampered by
variations in the direction of the wind and the condition of
the surrounding room.
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Figure 7. Showing the comparison graph of carbon monoxide concentrations in ppm using gas sensor MQ9 and carbon monoxide

meter

The noise level values obtained from the sound sensor
LM393 and the digital sound level meter are shown in Figure
8. To confirm the noise values measured by the sound sensor
LM393, three experiments were carried out. The same part
of the song was played for 60 seconds. The trials were
conducted in a controlled environment with a Bluetooth
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speaker acting as a noise source. From the results, the
overall noise level from both instruments was comparable.
Between the sound sensor LM393 and the digital sound level
meter, there were minor variations in value ranging from 0.1
to 0.3 decimal points. This may be due to the sensor's and
instrument's tolerance levels.
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Figure 8. Showing the comparison graph of noise levels in dB using sound sensor LM393 and digital sound level meter

The system was upgraded to include an additional
feature in addition to measuring carbon monoxide
concentrations and noise levels in the surrounding
environment and validating these measurements using
market-available measuring instruments. By generating
Matlab Analysis code to send an email to a registered user
email ID, a warning system was developed. This warning
message informed the user about the alarming current levels
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of carbon monoxide and noise. Since the user is the channel
owner, the server can only send this email to the user's
email address. Figure 9 and 10 provide an example of a gas
and noise limit alert message sent by the ThingSpeak server
to a user email ID. For generating a gas danger warning
message, the threshold value was set to 10 ppm, whereas
for generating a noise danger alert message, the threshold
value was set to 85 dB.
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Figure 9. Showing the gas limit alert message sent to user email ID from ThingSpeak server
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Figure 10. Showing the noise limit alert message sent to user email ID from ThingSpeak server

Conclusion

In conclusion, the proposed system is capable of
detecting carbon monoxide gas and noise. It can be used to
measure carbon monoxide concentrations and noise levels
both in indoor and outdoor settings. The system was able to
record and display the carbon monoxide concentration and
noise level values for the surrounding area on a serial
monitor using Arduino software and a ThingSpeak server.
The values reported by the ThingSpeak server from sensors
were analysed and validated using stand-alone measuring
instruments. The percentages of error found were
acceptable, ranging from 1.37 % to 8.88 % for gas levels and
0.20 % to 2.14 % for noise levels. In addition, the device
could send warnings to a user's email address regarding the
status of gas and noise concentrations. The study was
hampered by the fact that due to the COVID-19 pandemic;
no work was done at industrial workplace. As a result, we'll
be focusing our future research on measuring air and noise
pollution from heavy industry equipment, as well as
monitoring sensor data from the ThingView phone app,
which allows for the visualisation of ThingSpeak networks
from a cell phone. This is in the hopes of raising employee
awareness of the critical environmental conditions at
industrial workplaces, resulting in a healthier working
environment. Additional modules, such as an LCD monitor
for displaying carbon monoxide concentrations and noise
levels, as well as other types of gas sensors, can be added to
this system for improvement.

Acknowledgement

The authors are grateful for the funds and facilities
provided by the Ministry of Higher Education Malaysia, the
Registrar Office, and the Faculty of Electrical Engineering
Technology at Universiti Tun Hussein Onn Malaysia, which
have enabled us to conduct this important research.

505

References

Mustafa, M., Kader, S.Z.A.K., and Sufian, A., 2012. Coping
with climate change through air pollution control:
some legal initiatives from Malaysia. In 2012
International Conference on Environment, Energy
and Biotechnology, 33: 101-105.

Mofijur, M.G.R.M., Rasul, A.M., Hyde, J., Azad, A.K.,
Mamat, R., and Bhuiya, M.M.K., 2016. Role of biofuel
and their binary (diesel-biodiesel) and ternary
(ethanol-biodiesel-diesel) blends on internal
combustion engines emission reduction. Renewable
and Sustainable Energy Reviews, 53: 265-278.

Raub, J.A., Mathieu-Nolf, M., Hampson, N.B., and Thom,
S.R., 2000. Carbon monoxide poisoning—a public
health perspective. Toxicology, 145(1): 1-14.

Mabahwi, N.A.B., Leh, O.L.H., and Omar, D., 2014. Human
health and wellbeing: Human health effect of air
pollution. Procedia-Social and Behavioral Sciences,
153: 221-229.

Afroz, R., Hassan, M.N. and lbrahim, N.A. 2003. Review of
air pollution and health impacts in Malaysia.
Environmental Research, 92(2): 71-77.

Asaritaminaziah, H., and Siti Marwanis, A., 2018. Noise
Exposure and Hearing Symptoms Among Laundry
Workers and Mechanical Cutters in a Teaching
Hospital. Journal of Occupational Safety and Health,
15(1): 35-42.

Department of Occupational Safety and Health, Ministry of
Human Resource Malaysia (2018). Introduction of
Noise and Legal Requirement. Industrial Noise
Control Module, 1-66.

Department of Occupational Safety and Health, Ministry of
Human Resource Malaysia (2019). Industry Code of
Practice for Management of Occupational Noise
Exposure and Hearing Conservation, 1-66

Holmberg, S.K., and Coon, S., 1999. Ambient sound levels in
a state psychiatric hospital. Archives of psychiatric
nursing, 13(3): 117-126.

Korunoski, M., Stojkoska, B.R., and Trivodaliev, K., 2019.
Internet of things solution for intelligent air pollution



Sundaram, D., Nordin, I.N.A.M., Khamis, N., Zulkarnain, N., Razif, M.R.M. and Abidin, A.F.Z. (2021). Alinteri Journal of
Agriculture Sciences 36(1): 500-506

prediction and Vvisualization. In IEEE EUROCON
2019-18th International Conference on Smart
Technologies, 1-6.

Kodali, R.K., 2018. 10T Based Industrial Plant Safety Gas
Leakage Detection System. 4th International
Conference on Computing Communication and
Automation, ICCCA, 1-5.

Pradityo, F., and Surantha, N., 2019. Indoor air quality
monitoring system with fuzzy logic control based on
IOT. International Journal of Scientific and
Technology Research, 8(8): 1824-1829.

Gayathri, K., 2019. Implementation of Environment
Parameters Monitoring in a Manufacturing Industry
using I0T. 5t International Conference on Advanced
Computing and Communication Systems, I[CACCS
2019, 858-862.

Menezes, D., 2019. IOT based Air and Sound Pollution
Monitoring  System. International Journal for
Research in Applied Science and Engineering
Technology, 7(4): 640-648.

506



