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This study addresses the growing need for cost-effective and
straightforward air quality monitoring solutions. We present the
development and testing of an integrated sensor system combining DHT11,
MQ-7, and GP2Y1010AUOF sensors for measuring temperature, humidity,
CO gas, and PM10 levels. Our calibration tests demonstrate a sensor
accuracy exceeding 96%, with individual accuracy rates for temperature,
humidity, CO, and PM10 sensors at 98.42%, 96.81%, 96.95%, and 97.75%,
respectively. These findings underscore the potential of our integrated
sensor design in providing reliable and affordable air quality monitoring for
community use.
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Introduction

The issue of air pollution today is escalating
to a critically alarming state. Air pollution
originates from a multitude of activities,
encompassing operations,
transportation, office buildings, and residential
areas [1, 2]. These activities constitute the
primary sources of air pollutants released into
the atmosphere. Moreover, various natural
phenomena, including forest fires, volcanic
eruptions, and the release of toxic gases, also
significantly contribute to air pollution [3]. Such
pollution adversely affects air quality, thereby
negatively impacting human health [4-7].

This challenge has escalated into a global
environmental A World Health
Organization (WHO) survey in 2002, covering
1,600 cities across 91 countries, revealed that
nearly 90% of urban inhabitants are exposed to
air quality levels deemed unhealthy [8]. The

industrial

concern.

WHO further reported that approximately half
of the global population is exposed to pollution
levels at least 2.5 times higher than the
recommended air quality standards. This issue

is particularly pronounced in developing

countries, such as Indonesia, where rapid
development driven by economic growth
exacerbates pollution [9-11].

Respiratory health issues represent a
significant societal burden. The WHO, in 2000,
reported that respiratory diseases rank among
the top five illnesses contributing to mortality,
accounting for 17.4% of all deaths and 13.3% of
all disability-adjusted life years (DALYs) [12].
Diseases such as lower respiratory infections
[13-15], chronic obstructive pulmonary disease
(COPD), tuberculosis, and lung cancer are
among the leading causes of death globally [16-
18].

It is a well-acknowledged fact that urban
residents spend a substantial portion of their
time indoors. This demographic predominantly
includes children, infants, the elderly, office
employees, with
conditions. The concentration of pollutants in

and individuals chronic

indoor environments, such homes,
workplaces, public  buildings,
significantly differ from outdoor pollution
levels. Indoor air quality deteriorates not only

as

and can
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due to the infiltration of external pollutants, but
also from internal sources like cigarette smoke,
cooking emissions, and the use of insect
repellents. The importance of indoor air quality
cannot be overstated, given its profound impact
on respiratory health [19, 20]. The National
Institute of Occupational Safety and Health
(NIOSH) attributes indoor air quality issues to
several factors, including inadequate ventilation
(52%), indoor contaminant sources (16%),
external pollutants (10%), microbial agents
(5%), and building materials (4%), among
others (3%) [21].

Various countries have adopted distinct
indices to gauge ambient air quality, such as the
Air Quality Index (AQI) in the United States and
the Air Pollution Standard Index (ISPU) in
Indonesia [22]. Air quality is a critical factor for
[23-26]. However,
development and industrial expansion have led
to deteriorating air quality, a pressing concern
in urban areas [27-29]. In Indonesia, urban air
quality has been on a decline over the past
decade, with economic growth and urbanization
being key contributors to this trend [30-32].

The demand for transportation and energy
escalates with population growth, wurban
development, and lifestyle changes due to
increased income levels. This surge in energy
consumption further exacerbates air pollution,
culminating in economic losses and elevated
healthcare costs [33-36].

In response to these challenges, various air
quality detection technologies
evolve [37]. Nevertheless, there is a pressing
need for innovation in sensor system designs,

human survival urban

continue to

considering the limitations and operational
challenges associated with current market
offerings. This scenario presents an opportunity
for researchers to develop simpler, more user-
friendly, and cost-effective sensor designs. In
this context, the integration of the DHT 11
sensor, GP2Y1010AUOF dust sensor, and MQ-7

sensor module represents a novel approach in
the ongoing effort to monitor air quality.

The advent of sophisticated air quality
monitoring technologies over the past decade
has significantly enhanced our capability to
detect and analyze atmospheric pollutants.
These technologies have evolved rapidly, driven
by advancements in sensor accuracy, data
processing algorithms, and the integration of
Internet of Things (IoT) frameworks. Several
studies and reviews highlighted the progress
and challenges in this domain, offering insights
into the state-of-the-art monitoring techniques
and their implications for environmental health
and policy [38].

Low-cost sensor networks have gained
prominence for their potential to democratize
air quality monitoring. These sensors, which
can measure pollutants such as PM2.5, NO, and
03, have been increasingly deployed in dense
networks across urban areas. Despite their
lower accuracy compared to regulatory-grade
instruments, their affordability and flexibility
allow for high-resolution spatial and temporal
pollution mapping [38]. However, ensuring data
quality and sensor calibration remains a
challenge.

Satellite Remote Sensing technologies have
also advanced, providing comprehensive global
coverage of air pollutants. The TROPOspheric
Monitoring Instrument (TROPOMI) on the
Sentinel-5 Precursor satellite, for example,
offers unprecedented spatial resolution for
monitoring nitrogen dioxide (NOz) and other
gases. These satellite datasets, when combined
with ground-based observations, enhance our
understanding of pollution and
transport mechanisms on a global scale [39].

[oT-based monitoring systems represent
another leap forward, integrating sensors with
cloud computing and data analytics to offer
real-time air quality monitoring and forecasting.
These systems leverage the power of machine

sources
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learning algorithms to predict air quality
indices, enabling proactive management of
pollution The scalability of IoT
frameworks facilitates the deployment of
multisensory networks that can monitor a wide
array of environmental parameters beyond
traditional pollutants, including temperature,
humidity, and airborne particulates [40].

Emerging technologies and big data analytics
are transforming air quality monitoring into a
dynamic field.
Developments in artificial intelligence (Al) and
machine learning (ML) are
noteworthy, as they improve the predictive
capabilities of monitoring systems, enabling
them to forecast pollution levels with greater
accuracy. Big data analytics also play a crucial
role in assimilating data from diverse sources,
providing a holistic view of air quality and its
health impacts [41].

events.

more and interactive

particularly

Start

In light of these advancements, the proposed
system seeks to integrate the strengths of these
diverse technologies to offer a comprehensive
and accessible air quality monitoring solution.
By combining the real-time data collection
capabilities of IoT-based sensors with the
analytical power of Al and big data, the system
aims to provide accurate, actionable air quality
information to communities and policymakers
alike.

Experimental

In the design process of our tool, we utilized
various interconnected hardware components,
which were programmed in accordance with
the flowchart presented in Figure 1, ensuring
the system operates as intended.

User running Tool

—

Arduino Uno provides power to the DHT 11 sensor. No

Yes

v

Sensor to do Measurement

l

Measurement result Data to Arduino
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- Arduino send data to NodeMCU
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Data Display on LCD .

l

| Finish

Figure 1. Flowchart design for device software
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The primary hardware includes an Arduino
Uno, which facilitates the process of reading
data from the DHT 11 sensor, the MQ-7 sensor,
and the GP2Y1010AUOF dust sensor, thereby
assessing the indoor air quality. Digital data
transmission to an LCD screen is executed using
a NodeMCU ESP8266. The comprehensive
design, encompassing both hardware and
software components, is depicted in Figure 2.

The components illustrated in Figure 2 are
detailed as follows: The Arduino Uno serves as
the core controller, powering, and issuing
commands to each sensor for air quality
measurement within a room and forwarding
sensor data to the NodeMCU ESP8266 via TX-RX
pin connections. The DHT 11 sensor is
employed for recording room temperature and
humidity. Carbon Monoxide (CO) gas levels are
measured using the MQ-7 sensor. To quantify

Lives haene GR YT 1RNE

aern

Fine Particles measuring +10 microns (PM10)
in the room, a GP2Y1010AUOF dust sensor,
along with a 150Q resistor and a 220uF
capacitor, is utilized. Measurement data from
each sensor are displayed on a 16 x 4 LCD,
interfaced through an 12C module.

For our data collection methodology, sensor
accuracy was verified by juxtaposing the sensor
data with that from standard, commercially
available instruments. This involved calculating
the mean measurement results, standard
deviation, percentage error (absolute
percentage error), mean absolute percentage
error (MAPE), and sensor accuracy levels. The
accuracy testing for each sensor involved the
use of distinct commercial tools corresponding
to the measured parameters, as outlined in
Table 1.

LIEEY 1hee

Mk s e Shneb b [N
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Figure 2. The overall circuit for device hardware

Table 1. Commercial tools used for comparison

No. Type of parameter
1 Temperature
2 Humidity
3 Fine Particles (PM10)
4 CO Gas

Unit Commercial tool used
°C Hygrometer HTC-1
% Hygrometer HTC-1
ug/m3 Air Quality Detector TFT

ppm Kerui CO Detector
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In the calibration process of our air quality
monitoring system, we adopted a meticulous
approach to ensure the accuracy and reliability
of our sensor readings, drawing upon recent
advancements and best practices in the field.
The comparing
system's sensor readings against those from
selected commercial equipment known for their
precision and reliability in measuring air
pollutants.

calibration involved our

Rationale for equipment selection

The selection of commercial equipment for
comparison was based on their established
accuracy, reliability, and widespread use in the
scientific community for air quality monitoring.
These instruments have been validated in
various environmental conditions, offering a
robust benchmark for calibrating our sensors.
Recent studies have emphasized the importance
of selecting  well-established
instruments for sensor calibration to ensure the
quality and reliability of data collected by low-
cost sensors [42].

reference

Calibration process

We employed a spatial calibration model, as
recent research suggests that spatial calibration
can significantly improve the accuracy of sensor
data by accounting for spatially varying
relationships between sensor readings and
actual pollutant concentrations. This approach
for the correction of biases and
enhancement of data reliability across different
locations, making it possible to estimate air
quality levels with greater precision [43].
Furthermore, the methodology emphasizes the

allows

importance of considering environmental
variables such as temperature and humidity,
which can affect sensor performance, and
recommends quantile mapping as an effective

calibration technique for mobile measurements,

retaining the spatial characteristics of the
measurements and ensuring data accuracy
across different conditions [44].

By integrating these advanced -calibration
techniques and carefully selecting reference
equipment, we aimed to enhance the accuracy
and reliability of our air quality monitoring
system. This detailed calibration process,
grounded in the latest research and best
practices, ensures that our system can provide
valuable and trustworthy data for air quality
assessment.

Results and Discussion
Sensor design

The sensor device was designed with compact
dimensions of 10x10x12 cm, enabling it to
effectively assess and provide air quality
recommendations for indoor environments, as
depicted in Figure 3.

Sensor calibration

Calibration tests for the sensors were
conducted alongside standard sensors to ensure
accuracy. Measurements were taken repeatedly
at a 10 cm distance from the test object. The
calibration results demonstrated high accuracy
levels across the sensors: temperature, CO, and
PM10 sensors achieved accuracy rates of
99.37%, 96.83%, and 97.77%, respectively.

Sensor test results

The DHT 11 sensor was compared against a
standard HCT 1 Hygrometer sensor across
varying distances (5 cm to 25 cm) to test
temperature The
results, illustrated in Figure 4, show a high
degree of alignment between the two sensor
outputs,
98.42% for temperature measurements.

measurement accuracy.

confirming a sensor accuracy of
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Humidity measurements, shown in Figure 5,
further corroborate the sensor's reliability, with
a nearly identical trend observed between the
DHT 11 sensor and the standard sensor,
yielding an accuracy of 96.81%.

CO gas testing involved comparing the MQ-7
sensor with a Kerui detector, using vehicle
exhaust as the CO source at a 15 cm distance.
Figure 6 presents the test results, where the
MQ-7 sensor readings closely match those of the
Kerui detector, indicating a sensor accuracy of
96.95%.
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Figure 6. CO levels measurement plot graph
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Figure 7. PM10 level test results plot graph

The GP2Y1010AUOF dust sensor's ability to
detect PM10 levels was evaluated by exposing it
to cigarette smoke alongside a TFT Air Quality
tool. The comparative results, depicted in Figure
7, show a consistent reading between both
sensors, affirming a sensor accuracy of 97.75%.

The paper presents a comprehensive
development and testing of an integrated air
quality monitoring system, showcasing a
significant advancement in sensor technology
for environmental health. By achieving over
96% accuracy in measuring temperature,
humidity, CO gas, and PM10 levels, the study
underlines the potential for deploying cost-
effective and reliable air quality monitoring
tools in community settings. This high level of
accuracy demonstrates the effectiveness of the
integrated sensor design, which combines
DHT11, MQ-7, and GP2Y1010AUOF sensors, for
precise air quality assessment.

This study addresses the urgent global need
for accessible air quality monitoring solutions,
especially in light of WHO reports highlighting
widespread exposure to unhealthy air quality
levels. The integration of the sensors with a
microcontroller reflects a promising approach
towards creating user-friendly devices capable
of providing accurate environmental data,
which is crucial for public health initiatives and
policy-making. This development is particularly
relevant for rapidly urbanizing regions where
traditional monitoring infrastructure may be
lacking or insufficient.

The study's findings advocate for the broader
adoption of integrated sensor systems as a
viable solution to the air quality monitoring
challenges posed by urbanization and industrial
activity. By offering a detailed analysis of sensor
accuracy and calibration methods, the paper
contributes valuable insights to the field of
environmental monitoring technology. It paves
the way for further research into scalable,
affordable air quality monitoring systems that
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could significantly impact public health and
environmental policy.

The study marks a pivotal advancement in
air quality monitoring, showcasing precise
capabilities vital
environmental factors. The integrated sensor
system's high accuracy in gauging temperature,
humidity, CO, and PM10 positions it as a
dependable quality
assessment, pivotal for health. Its precision
highlights its potential to bridge existing gaps in
monitoring practices, providing an affordable
and community-friendly solution.

Enhanced by rigorous
testing, the study accentuates the sensor
system's consistency and reliability in data
production. Its alignment with standard tools

measurement acCross

tool for indoor air

calibration and

under varied conditions confirms @ its
trustworthiness for precise environmental
surveillance, making it instrumental in early
pollution  detection and  health  risk
management.

These insights herald a shift towards

proactive public health strategies and policy
development. The system's real-time air quality
monitoring capability informs better pollution
control and health advisory decisions.
Advocating for its widespread adoption, the
study suggests a scalable approach that could
revolutionize air quality monitoring, aiming to
mitigate air pollution's health impacts globally.
Recent advances in air quality monitoring
technology underscore the integration of
Internet of Things (IoT) devices, advanced
sensor arrays, and machine learning algorithms
to deliver real-time, precise, and comprehensive
data on a broad spectrum of pollutants [45-47].
This movement towards Smart Environment
Monitoring (SEM) systems, which employ
networks of interconnected sensors, aims to
scrutinize air quality, water purity, radiation
levels, and agricultural health comprehensively
[48-50]. These systems are designed to furnish

actionable insights for both governmental
bodies and the general populace, facilitating
swift actions in the face of environmental
hazards and contamination.

This study contributes significantly to this
domain by unveiling an integrated air quality
monitoring system that specifically targets
temperature, humidity, carbon monoxide (CO)
gas, and PM10 particulate levels. By employing
specialized sensors- DHT11 for temperature
and humidity, MQ-7 for CO gas, and
GP2Y1010AUOF for PM10 levels- and achieving
high accuracy, this study stands out as a crucial
tool for community-level
Notably, its
effectiveness and precision mirrors the global
drive towards developing accessible and
dependable environmental monitoring
solutions.

On a broader scale, research is pivoting
towards more holistic and advanced systems
that harness the power of IoT and machine

learning not just for gathering data but also for

environmental

surveillance. focus on cost-

predictive analytics, automatic response
frameworks, and integration into
comprehensive city or region-wide

environmental management systems. These
avant-garde systems aspire to encompass a
more extensive array of contaminants, including
fine particulate matter (PM2.5), nitrogen oxides
(NOx), and volatile organic compounds (VOCs),
and are tailored to operate across varied
settings, from bustling urban landscapes to
secluded locales. This paper lays foundational
groundwork within this rapidly evolving sector,
underscoring the critical role of focused, high-
precision monitoring solutions that are scalable
integrable city
strategies.

In essence, while the specific concentration
and technological methodology of this study

and into broader smart

mark a pivotal advancement towards efficacious
air quality monitoring, the arena is swiftly
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transitioning towards more interconnected,
intelligent, and all-encompassing monitoring
solutions. These innovative solutions aim not
only to amass data, but also to interpret and
utilize this information in ways that markedly
enhance our mitigation strategies against
environmental adversities.

Analysis of potential errors and limitations
of sensor systems, including the impact of
environmental factors on sensor performance
and measures to mitigate such impacts, the
following points can be integrated based on the
latest findings:

Environmental and sensor limitations

Research has highlighted that environmental
factors such as the inherent optical properties
of water, bathymetry, sun height, wind speed,
and sensor noise characteristics can
significantly impact sensor performance. A
model developed to analyze these impacts
shows that benthic-type spectral variations and
sub-pixel mixing are the main limiting factors
for mapping purposes, while instrument noise
levels are relatively small [51].

Wireless sensor network (WSN) challenges

In the context of IoT applications, WSNs face
challenges related to communication security,
data bias due to environmental conditions such
as high humidity, and the need for accurate
calibration methodologies to ensure data
reliability. New approaches involving true
random number generators based on ADC
nonlinear effects and chaos maps have been
proposed to address some of these challenges,
the robust
calibration and data security protocols [52].

emphasizing importance of

Mitigation strategies

To mitigate the impact of environmental

factors on sensor performance, several

strategies can be implemented. This includes
using spatial calibration models to correct bias
and data reliability at multiple
locations, adjusting calibration methodology
based on conditions,
incorporating quantile mapping for mobile
measurements to maintain the spatial

increase

environmental and

characteristics of measurements.

The need for further validation of air quality
sensors in diverse environmental conditions to
strengthen findings has been addressed in
several recent studies. For example, a study
described in [53] highlighted the deployment of
AirSensEUR sensor systems across multiple
cities, capturing a broad range of meteorological
conditions and pollutant concentrations. This
study emphasized the importance of evaluating
sensor performance across different traffic
impacts and spatial variability within urban
environments, which is critical for assessing
sensor accuracy and reliability in real-world
conditions [53].

Another study published in [54] focused on
field tests and validation of particulate matter
measurements using low-cost sensor nodes.
The study involved mounting sensor-boxes on
utility vehicles for mobile air quality monitoring
in Central Switzerland, comparing the data
collected to a regional air quality monitoring
network. This approach allowed for the
assessment of sensor performance in varying
environmental conditions, including different
levels of pollutants and meteorological
influences. The study also delved into data
filtering methods to enhance the quality of the
sensor data, showing the potential for low-cost
sensors to deliver coherent data across a region
[54].

These studies underscore the importance of
validating air quality sensors
environmental settings to ensure the accuracy
and reliability of the data they produce. By
conducting extensive field tests and comparing

in diverse
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sensor data to established reference data,
researchers can identify and correct for factors
that may affect sensor performance, such as
environmental conditions and sensor drift. This
process is crucial for the effective use of low-
cost sensors in air quality monitoring, especially
in urban areas where pollutant concentrations

and environmental conditions can vary
significantly.
Regarding the long-term stability and

maintenance requirements of the air quality
sensor system. The first study, as detailed in
[55], focuses on the calibration process of low-
cost particle sensors for indoor air pollution
health studies. It involved repeated calibration
in a controlled environment using cigarette
smoke and HEPA-filtered air to develop
calibration curves for Airbeam sensors. This
rigorous calibration process, conducted over a
two-year period, underscores the necessity of
periodic recalibration to maintain sensor
accuracy over time. The study also highlighted
the potential challenges in maintaining sensor
performance, including equipment failures due
to environmental conditions like humidity and
temperature extremes, as well as other factors
such as insect infestations [55].

Another important study published in [56]
examines the performance of low-cost air
quality sensors over a 13-month period in
diverse environments in Australia and China.
This study evaluated parameters such as inter-
variability, the effect of
environmental conditions on sensor
performance. It found that while the sensors
showed good long-term stability and high

accuracy, and

correlation in measurements of PM2.5 and CO,
their accuracy and performance could be
affected by extreme temperatures and relative
humidity levels. In addition,
sensitivity varied across different types of
highlighting the
the  specific

the sensors'

aerosols,
considering

importance of
environmental

conditions and aerosol compositions when

deploying these sensors for long-term
monitoring [56].
Incorporating  considerations of user

interface and experience for deploying air
quality sensors in community settings could
indeed enhance the impact and usability of such
technologies. Two studies provide insights into
this area, emphasizing the need for intuitive,
accessible platforms for data analysis and
visualization, as well as thoughtful deployment
strategies that address local contexts and
resource constraints.

The first study, published in [57], outlines
the development of an open-source framework
for citizen-centric environmental monitoring
and data analysis. This framework includes the
Soc-IoT and exploreR, tools designed to reduce
technical barriers and facilitate data analysis
and visualization by both experts and non-
experts. The exploreR application, developed
using the RShiny package, offers an intuitive
GUI that guides users through the data analysis
from input and preprocessing to

analysis forecasting. This
approach underscores the importance of
creating user-friendly interfaces that can
engage diverse community members in
environmental monitoring efforts [57].

The second study, featured in [58], focuses
on design considerations for a distributed low-
cost air quality sensing system tailored for
urban environments in low-resource settings.
This study highlights the AirQo system, a
custom sensing
management system designed for African cities.
The AirQo platform provides tools for
calibration, data analytics,
supporting usage among policymakers and
citizens. Case studies from African cities using
the system for education, awareness, and policy

process,

advanced and

environmental and

access, and

highlight the system's role in filling data gaps in
urban air quality monitoring. This study
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emphasizes the importance of considering local
infrastructure, environmental conditions, and
the needs of communities when deploying
technology-driven solutions in low-resource
settings [58].
These studies collectively illustrate the
crucial role of user interface and experience in
the successful deployment of air quality sensors
in community settings. By focusing on the ease
of use, accessibility, context,
environmental monitoring technologies can
better serve and engage communities, leading
to more effective and sustainable solutions for

addressing air quality issues.

and local

Conclusion

The development of a sensor system
incorporating DHT11, MQ-7, and
GP2Y1010AUOF sensors, controlled by a

microcontroller, has successfully demonstrated
high accuracy in monitoring temperature,
humidity, CO, and PM10, with rates of 98.42%,
96.81%, 96.95%, and 97.75% respectively. This
underlines the system's reliability in air quality
assessment. Future research should explore
integrating IoT for real-time data transmission
and machine learning algorithms for predictive
analytics, enhancing decision-making
capabilities in environmental monitoring. This
integration could offer adaptive responses to
changing air quality conditions, optimizing
monitoring strategies.

Acknowledgements

We would like to express our thanks to
PUSLITPEN for funding the 2022 BOPTN
Research Fund for the Research of this study.

Disclosure Statement

No potential conflict of interest was reported by
the authors.

Funding

This study was funded by Payame Noor
University (PNU) Research Council.

Authors' Contributions

All authors contributed to data analysis,
drafting, and revising of the article and agreed
to be responsible for all the aspects of this work.

Orcid

Ambran Hartono
https://orcid.org/0000-0001-7948-2628
Dhoni Ikhsan Widodo
https://orcid.org/0009-0003-9754-6340
Salsabila Tahta Hirani Putri
https://orcid.org/0009-0001-1791-1500
Rahadian Zainul
https://orcid.org/0000-0002-3740-3597
Mohammad Abdullah
https://orcid.org/0000-0003-1775-7926
Ahmad Zikri
https://orcid.org/0000-0002-6933-7379
Imtiaz Ali Laghari
https://orcid.org/0000-0001-5091-0297

References

[1]. Munsif R., Zubair M., Aziz A., Nadeem Zafar
M. Industrial Air Emission Pollution: Potential
Sources and Sustainable Mitigation. IntechOpen.,
2021 [Crossref], [Google Scholar], [Publisher]
[2]. Liang L., Gong P. Urban and air pollution: a
multi-city study of long-term effects of urban
landscape patterns on air quality trends.
Scientific Reports, 2020, 10:18618 [Crossref],
[Google Scholar], [Publisher]

[3]. Aguilera R., Corringham T., Gershunov A,
T. Wildfire impacts
respiratory health more than fine particles from

Benmarhnia smoke

other sources: observational evidence from

Southern California. Nature communications,


https://orcid.org/0000-0001-7948-2628
https://orcid.org/0009-0003-9754-6340
https://orcid.org/0009-0001-1791-1500
https://orcid.org/0000-0002-3740-3597
https://orcid.org/0000-0003-1775-7926
https://orcid.org/0000-0002-6933-7379
https://orcid.org/0000-0001-5091-0297
https://doi.org/10.5772/intechopen.93104
https://scholar.google.com/scholar?q=%5B1%5D.+Munsif,+R.,+Zubair,+M.,+Aziz,+A.,+%26+Nadeem+Zafar,+M.+IntechOpen.,+2021.+doi:+10.5772/intechopen.93104&hl=en&as_sdt=0,5
https://www.intechopen.com/chapters/72766
https://doi.org/10.1038/s41598-020-74524-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Urban+and+air+pollution%3A+a+multi-city+study+of+long-term+effects+of+urban+landscape+patterns+on+air+quality+trends&btnG=
https://www.nature.com/articles/s41598-020-74524-9

A. Hartono et al.

331

2021, 12:1493
[Publisher]

[4]. Duan R.R,, Hao K, Yang T. Air pollution and
chronic obstructive pulmonary disease, Chronic
diseases and translational medicine, 2020, 6:260
[Crossref], [Google Scholar], [Publisher]

[5]. Tainio M., Andersen Z.J., Nieuwenhuijsen
M.]., Hu L., De Nazelle A, An R,, Garcia L.M.,
Goenka S., Zapata-Diomedi B., Bull F. Air
pollution, physical activity and health: A
mapping review of the evidence. Environment
International, 2021, 147:105954 [Crossref],
[Google Scholar], [Publisher]

[6]. Mohd Sharif S.N., Hashim N., Md Isa I., Abu
Bakar S., Idris Saidin M., Syahrizal Ahmad M,
Zainul R. Carboxymethyl cellulose hydrogel
based formulations of zinc hydroxide nitrate-
sodium dodecylsulphate-bispyribac
nanocomposite: Advancements in controlled
release formulation of herbicide. journal of

[Crossref], [Google Scholar],

Nanoscience and  Nanotechnology, 2021,
21:5867 [Crossref], [Google Scholar],
[Publisher]

[7]. Ansori A.N., Antonius Y., Susilo R.J., Hayaza
S., Kharisma V.D., Parikesit A.A. Zainul R,
Jakhmola V., Saklani T., Rebezov M. Application
of CRISPR-Cas9 genome editing technology in
various fields: A review. Narra J, 2023, 3:e184
[Crossref], [Google Scholar], [Publisher]

[8]. World Health Organization, WHO global air
quality guidelines: particulate matter (PM2. 5
and PM10), ozone, nitrogen dioxide, sulfur
dioxide and carbon monoxide, World Health
Organization, 2021 [Publisher]

[9]. Bashir A, Liliana L., Hidayat A., Suhel S. The
relationship between air pollution, economic
growth, and life expectancy: empirical evidence
from Indonesia, Signifikan: Jurnal limu Ekonomi,
2022, 11:125 [Crossref], [Google Scholar],
[Publisher]

[10]. Rustiadi E., Pravitasari A.E., Setiawan Y.,
Mulya S.P., Pribadi D.O., Tsutsumida N. Impact of
continuous Jakarta megacity urban expansion

on the formation of the Jakarta-Bandung
conurbation over the rice farm regions, Cities,
2021, 111:103000 [Crossref], [Google Scholar],
[Publisher]

[11]. Luo P, Kang S. Apip, Zhou M., Lyu ],
Aisyah, S., Binaya M., Regmi R.K,, Nover D. Water
quality trend assessment in Jakarta: A rapidly
growing Asian megacity, PloS One, 2019,
14:€0219009 [Crossref], [Google Scholar],
[Publisher]

[12]. Li X., Cao X,, Guo M., Xie M., Liu X. Trends
and risk factors of mortality and disability
adjusted life years for chronic respiratory
diseases from 1990 to 2017: systematic analysis
for the Global Burden of Disease Study 2017,
bmj, 2020, 368 [Crossref], [Google Scholar],
[Publisher]

[13]. Dibha A.F., Wahyuningsih S. Kharisma
V.D,, Ansori A.N.M.,, Widyananda M.H., Parikesit
A.A., Rebezov M., Matrosova Y. Artyukhova
S.Kenijz N. Biological activity of kencur
(Kaempferia galanga L.) against SARS-CoV-2
main protease: In silico study. Int J Health Sci,
2022, 6:468 [Crossref], Scholar],
[Publisher]

[14]. Aini N.S., Kharisma V.D., Widyananda M.H.,
Murtadlo A.A.A., Probojati R.T., Turista D.D.R,,
Tamam M.B., Jakhmola V., Sari D.P., Albari M.T.
In silico screening of bioactive compounds from
Syzygium cumini L. and moringa oleifera L.
against SARS-CoV-2 tetra inhibitors.
Pharmacognosy  Journal, 2022, 14:267
[Crossref], [Google Scholar], [Publisher]

[15]. Ansori A., Zainul R. In Silico B-Cell Epitope
Vaccine Design and Phylogenetic Analysis Of
Ebola Virus Envelope Glycoprotein. Indonesian
Journal of Pharmacy, 2023, 34:193 [Google
Scholar], [Publisher]

[16]. Adeloye D., Song P., Zhu Y., Campbell H.,
Sheikh A, Rudan I. Global, regional, and national
prevalence of, and risk factors for, chronic
obstructive pulmonary disease (COPD) in 2019:
a systematic review and modelling analysis, The

[Google

via


https://doi.org/10.1038/s41467-021-21708-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3%5D.+Aguilera%2C+R.%2C+Corringham%2C+T.%2C+Gershunov%2C+A.+et+al.+Nat+Commun.%2C+2021%2C+12%3A1493.+&btnG=
https://www.nature.com/articles/s41467-021-21708-0
https://doi.org/10.1016/j.cdtm.2020.05.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+Duan%2C+R.+R.%2C+Hao%2C+K.%2C+%26+Yang%2C+T.+Chronic+diseases+and+translational+medicine.%2C+2020%2C+6%284%29%3A260-269.&btnG=
https://mednexus.org/doi/full/10.1016/j.cdtm.2020.05.004
https://doi.org/10.1016/j.envint.2020.105954
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D.+Tainio%2C+M.%2C+Andersen%2C+Z.+J.%2C+Nieuwenhuijsen%2C+M.+J.%2C+Hu%2C+L.%2C+De+Nazelle%2C+A.%2C+An%2C+R.%2C+%26+de+S%C3%A1%2C+T.+H.+Environment+international.%2C+2021%2C+147%3A105954.&btnG=
https://www.sciencedirect.com/science/article/pii/S0160412020319097
https://doi.org/10.1166/jnn.2021.19499
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Carboxymethyl+cellulose+hydrogel+based+formulations+of+zinc+hydroxide+nitrate-sodium+dodecylsulphate-bispyribac+nanocomposite%3A+Advancements+in+controlled+release+formulation+of+herbicide&btnG=
https://www.ingentaconnect.com/contentone/asp/jnn/2021/00000021/00000012/art00006
https://doi.org/10.52225/narra.v3i2.184
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Application+of+CRISPR-Cas9+genome+editing+technology+in+various+fields%3A+A+review&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10916045/
https://www.who.int/publications/i/item/9789240034228
https://doi.org/10.15408/sjie.v11i1.23334
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Relationship+between+Air+Pollution%2C+Economic+Growth%2C+and+Life+Expectancy%3A+Empirical+Evidence+from+Indonesia&btnG=
https://journal.uinjkt.ac.id/index.php/signifikan/article/view/23334
https://doi.org/10.1016/j.cities.2020.103000
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D.+Rustiadi%2C+E.%2C+Pravitasari%2C+A.+E.%2C+Setiawan%2C+Y.%2C+Mulya%2C+S.+P.%2C+Pribadi%2C+D.+O.%2C+%26+Tsutsumida%2C+N.+Cities.%2C+2021%2C+111%3A103000.&btnG=
https://www.sciencedirect.com/science/article/pii/S0264275120313482
https://doi.org/10.1371/journal.pone.0219009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D.+Luo%2C+P.%2C+Kang%2C+S.%2C+Apip%2C+Zhou%2C+M.%2C+Lyu%2C+J.%2C+Aisyah%2C+S.%2C+%26+Nover%2C+D.+PloS+one.%2C+2019%2C+14%287%29%3Ae0219009.+&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219009
https://doi.org/10.1136/bmj.m234
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D.+Li%2C+X.%2C+Cao%2C+X.%2C+Guo%2C+M.%2C+Xie%2C+M.%2C+%26+Liu%2C+X.+bmj.%2C+2020%2C+368.+doi%3A+&btnG=
https://www.bmj.com/content/368/bmj.m234.abstract
https://doi.org/10.53730/ijhs.v6nS1.4779
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biological+activity+of+kencur+%28Kaempferia+galanga+L.%29+against+SARS-CoV-2+main+protease%3A+In+silico+study&btnG=
https://www.researchgate.net/profile/Arli-Aditya-Parikesit/publication/359252043_Biological_activity_of_kencur_Kaempferia_galanga_L_against_SARS-CoV-2_main_protease_In_silico_study/links/6237d9fcbe72d414dad0e472/Biological-activity-of-kencur-Kaempferia-galanga-L-against-SARS-CoV-2-main-protease-In-silico-study.pdf
https://doi.org/10.5530/pj.2022.14.95
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+silico+screening+of+bioactive+compounds+from+Syzygium+cumini+L.+and+moringa+oleifera+L.+against+SARS-CoV-2+via+tetra+inhibitors&btnG=
https://phcogj.com/article/1832
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+Silico+B-Cell+Epitope+Vaccine+Design+and+Phylogenetic+Analysis+Of+Ebola+Virus+Envelope+Glycoprotein&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+Silico+B-Cell+Epitope+Vaccine+Design+and+Phylogenetic+Analysis+Of+Ebola+Virus+Envelope+Glycoprotein&btnG=
https://journal.ugm.ac.id/v3/IJP/article/view/4197

Development of an Integrated Air Quality ...

332

Lancet Respiratory Medicine, 2022, 10:447
[Crossref], [Google Scholar], [Publisher]

[17]. Gutiérrez Villegas C. Paz-Zulueta M,
Herrero-Montes M., Paras-Bravo P. Madrazo
Pérez M. Cost analysis of chronic obstructive
pulmonary disease (COPD): a systematic
review. Health Economics Review, 2021, 11:1
[Crossref], [Google Scholar], [Publisher]
[18]. Choi ].Y., Rhee C.K. Diagnosis
treatment of early chronic obstructive lung
disease (COPD). journal of Clinical Medicine,
2020, 9:3426 |[Crossref], [Google Scholar],
[Publisher]

[19]. Holden K.A., Lee A.R., Hawcutt D.B., Sinha
[.P. The impact of poor housing and indoor air
quality on respiratory health in children,
Breathe, 2023, 19:230058 [Crossref], [Google
Scholar], [Publisher]

[20]. Vornanen-Wingqvist C., Jarvi K., Andersson
M.A., Duchaine C., Létourneau V. Kedves O.,
Kredics L., Mikkola R., Kurnitski ]., Salonen H.
Exposure to indoor air contaminants in school
buildings with and without reported indoor air
quality problems, Environment international,
2020, 141:105781 [Crossref], [Google Scholar],
[Publisher]

[21]. Lesmana RN. Membangun Sistem
Pemantau Kualitas Udara Dalam Ruangan
Dengan Mengaplikasikan Sensor CO, 03, PM10
Berbasis LabVIEW, Riau University: Riau, 2016
[Google Scholar], [Publisher]

[22]. Toharudin T., Caraka R.E., Pratiwi L.R., Kim
Y., Gio P.U,, Sakti A.D., Noh M., Nugraha F.AL,
Pontoh R.S., Putri T.H. Boosting Algorithm to
handle Unbalanced Classification of PM2. 5
Concentration

and

Levels by Observing
Meteorological Parameters in Jakarta-Indonesia
using AdaBoost, XGBoost, CatBoost, and
LightGBM, [EEE Access, 2023, 11:35680
[Crossref], [Google Scholar], [Publisher]

[23]. Tran V.V, Park D. Lee Y.C. Indoor air
pollution, related human diseases, and recent

trends in the control and improvement of

indoor air quality. International journal of
environmental research and public health, 2020,
17:2927 [Crossref], [Google Scholar],
[Publisher]

[24]. World Health Organization, WHO global
air quality guidelines: particulate matter (PM2.
5 and PM10), ozone, nitrogen dioxide, sulfur
dioxide and carbon monoxide, World Health
Organization: Geneva, 2021 [Google Scholar]
[25]. Jo ], Jo B, Kim J, Kim S, Han W.
Development of an IoT-based indoor air quality
monitoring platform, Journal of Sensors, 2020,
2020:1 [Crossref], [Google Scholar], [Publisher]
[26]. Azuma K., Yanagi U., Kagi N., Kim H., Ogata
M., Hayashi M. Environmental factors involved
in SARS-CoV-2 transmission: effect and role of
indoor environmental quality in the strategy for
COVID-19 infection control, Environmental
health and preventive medicine, 2020, 25:1
[Crossref], [Google Scholar], [Publisher]

[27]. Goodsite M.E. Hertel O. Johnson M.S,
Jgrgensen N.R. Urban air quality: sources and
concentrations, Air Pollution Sources, Statistics
and Health Effects, 2021, 193 [Crossref], [Google
Scholar], [Publisher]

[28]. Zhou W., Yu W,, Qian Y., Han L., Pickett S.T.,
Wang ], Ouyang Z. Beyond city expansion:
multi-scale environmental impacts of urban
megaregion formation in China. National
Science Review, 2022, 9:nwab107 [Google
Scholar], [Publisher]

[29]. Liu Q., Li H., Shang W.l, Wang K. Spatio-
temporal distribution of Chinese cities’ air
quality and the impact of high-speed rail,
Renewable and Sustainable Energy Reviews,
2022, 170:112970 [Crossref], [Google Scholar],
[Publisher]

[30]. Lestari P., Arrohman M.K.,, Damayanti S,
Klimont Z. Emissions and spatial distribution of
air pollutants from anthropogenic sources in
Jakarta, Atmospheric Pollution Research, 2022,
13:101521 [Crossref], [Google Scholar],
[Publisher]


https://doi.org/10.1016/S2213-2600(21)00511-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B11%5D.+Adeloye%2C+D.%2C+Song%2C+P.%2C+Zhu%2C+Y.%2C+Campbell%2C+H.%2C+Sheikh%2C+A.%2C+%26+Rudan%2C+I.+The+Lancet+Respiratory+Medicine.%2C+2022%2C+10%285%29%3A447-458.&btnG=
https://www.thelancet.com/article/S2213-2600(21)00511-7/fulltext
https://doi.org/10.1186/s13561-021-00329-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.+Guti%C3%A9rrez+Villegas%2C+C.%2C+Paz-Zulueta%2C+M.%2C+Herrero-Montes%2C+M.%2C+Par%C3%A1s-Bravo%2C+P.%2C+%26+Madrazo+P%C3%A9rez%2C+M.+Health+Economics+Review.%2C+2021%2C+11%281%29%3A1-12.&btnG=
https://link.springer.com/article/10.1186/s13561-021-00329-9
https://doi.org/10.3390/jcm9113426
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.+Choi%2C+J.+Y.%2C+%26+Rhee%2C+C.+K.+Journal+of+Clinical+Medicine.%2C+2020%2C+9%2811%29%3A3426.&btnG=
https://www.mdpi.com/2077-0383/9/11/3426
https://doi.org/10.1183/20734735.0058-2023
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D.+Holden%2C+K.+A.%2C+Lee%2C+A.+R.%2C+Hawcutt%2C+D.+B.%2C+%26+Sinha%2C+I.+P.+Breathe.%2C+2023%2C+19%282%29.+DOI%3A+10.1183%2F20734735.0058-2023&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D.+Holden%2C+K.+A.%2C+Lee%2C+A.+R.%2C+Hawcutt%2C+D.+B.%2C+%26+Sinha%2C+I.+P.+Breathe.%2C+2023%2C+19%282%29.+DOI%3A+10.1183%2F20734735.0058-2023&btnG=
https://breathe.ersjournals.com/content/19/2/230058.abstract
https://doi.org/10.1016/j.envint.2020.105781
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.+Vornanen-Winqvist%2C+C.%2C+J%C3%A4rvi%2C+K.%2C+Andersson%2C+M.+A.%2C+Duchaine%2C+C.%2C+L%C3%A9tourneau%2C+V.%2C+Kedves%2C+O.%2C+%26+Salonen%2C+H.+Environment+International.%2C+2020%2C+141%3A105781.&btnG=
https://www.sciencedirect.com/science/article/pii/S0160412019338838
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D.+Lesmana%2C+R.+N.+Membangun+Sistem+Pemantau+Kualitas+Udara+Dalam+Ruangan+Dengan+Mengaplikasikan+Sensor+CO%2C+O3%2C+PM10+Berbasis+LabVIEW%3B+Riau+University%3A+Riau%2C+2016.&btnG=
https://d1wqtxts1xzle7.cloudfront.net/83326071/205703-membangun-sistem-pemantau-kualitas-udara-libre.pdf?1649256517=&response-content-disposition=inline%3B+filename%3DMembangun_Sistem_Pemantau_Kualitas_Udara.pdf&Expires=1710861026&Signature=cn7D2ui5YQPBSUfyUTmgV9KxtFwMijqhjwBBYT0nBa46UvGAxRLOXzVwqm3vuxPSJgpMcbQnhk0ckbv4gFL7GVWlEeGc~71ETAo6DEQc~x-i18BGnlRIZKM9g5DvLxNo0CIEGLIK0VdbYQ0R6LdimQxCQOtvaJ-pmIDeIVgq47Yw6So~3f3vgpNuHQU7lBId76NpGoN7bjkSn0QlD1cwjF2JKs~3UxI0YY3tyWQer14L8n-YkJP7SDiEmO8c~5MiFguyIvaKI7kOnsoPU9DTg2UP48RJxmooDhly3dvtDavPIDmP138eO92yos3X9R4fGzNI47WSzP7kkXGBTKmd7Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1109/ACCESS.2023.3265019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D.+Toharudin%2C+T.%2C+Caraka%2C+R.+E.%2C+Pratiwi%2C+I.+R.%2C+Kim%2C+Y.%2C+Gio%2C+P.+U.%2C+Sakti%2C+A.+D.%2C+Pardamean%2C+B.+IEEE+Access.%2C+2023.+Boosting+Algorithm+to+handle+Unbalanced+Classification+of+PM2.5+Concentration+Levels+by+Observing+Meteorological+Parameters+in+Jakarta-Indonesia+using+AdaBoost%2C+XGBoost%2C+CatBoost%2C+and+LightGBM.&btnG=
https://ieeexplore.ieee.org/abstract/document/10093874
https://doi.org/10.3390/ijerph17082927
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Indoor+air+pollution%2C+related+human+diseases%2C+and+recent+trends+in+the+control+and+improvement+of+indoor+air+quality.+&btnG=
https://www.mdpi.com/1660-4601/17/8/2927
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D.+World+Health+Organization.+WHO+global+air+quality+guidelines%3A+particulate+matter+%28PM2.5+and+PM10%29%2C+ozone%2C+nitrogen+dioxide%2C+sulfur+dioxide+and+carbon+monoxide%3B+World+Health+Organization%3A+Geneva%2C+2021.&btnG=
https://doi.org/10.1155/2020/8749764
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.+Jo%2C+J.%2C+Jo%2C+B.%2C+Kim%2C+J.%2C+Kim%2C+S.%2C+Han%2C+W.+Journal+of+Sensors.%2C+2020%2C+2020%3A1-14.&btnG=
https://www.hindawi.com/journals/js/2020/8749764/
https://doi.org/10.1186/s12199-020-00904-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D.+Azuma%2C+K.%2C+Yanagi%2C+U.%2C+Kagi%2C+N.%2C+Kim%2C+H.%2C+Ogata%2C+M.%2C+Hayashi%2C+M.+Environmental+health+and+preventive+medicine.%2C+2020%2C+25%3A1-16.&btnG=
https://link.springer.com/article/10.1186/s12199-020-00904-2
https://doi.org/10.1007/978-1-0716-0596-7_321
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D.+Goodsite%2C+M.+E.%2C+Hertel%2C+O.%2C+Johnson%2C+M.+S.%2C+J%C3%B8rgensen%2C+N.+R.+Air+Pollution+Sources%2C+Statistics+and+Health+Effects.%2C+2021%2C+%3A193-214.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D.+Goodsite%2C+M.+E.%2C+Hertel%2C+O.%2C+Johnson%2C+M.+S.%2C+J%C3%B8rgensen%2C+N.+R.+Air+Pollution+Sources%2C+Statistics+and+Health+Effects.%2C+2021%2C+%3A193-214.&btnG=
https://link.springer.com/referenceworkentry/10.1007/978-1-0716-0596-7_321
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Beyond+city+expansion%3A+multi-scale+environmental+impacts+of+urban+megaregion+formation+in+China&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Beyond+city+expansion%3A+multi-scale+environmental+impacts+of+urban+megaregion+formation+in+China&btnG=
https://watermark.silverchair.com/nwab107.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA0wwggNIBgkqhkiG9w0BBwagggM5MIIDNQIBADCCAy4GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMQ4s791sF4yDIJcATAgEQgIIC_8TAS9zsYOPLWYAgPFF3ALMLw3wNhvRQppoy9hx2dsJk5v-4FrWk5WrBq_tlPZ7s47pgPS8BBtQUJPo3ReEkHaMo-FbKXseZOrTXQhgktH9nfY28gr5YLmucRqczp_bS1SZ3XQK8tNpYJiLoVTpseLA-w5P8aU6q6z0vF2ooK5SJKQg4uOfwapUO9asDPBiGFmC1q-PfM8A_ArJd6D3ynZ1VppmdxoK5C34SyR7b63t3kZcnmvSfaQ8eeix6xXrQCnuqmLhH0rgfoEuXcHndNtzbPVXdjHl9fNNSennhmYCKV7nU5tXbgkAXgqwwsah9RmSp1Nt057Q6TaQd4SSmeaJhCWh74I8xcw9Av83z-mfCzSDFGd1kABE4A-kpa4Ppu9d3K-SSkgudACtgNiNhb3iseoobMy-NQJGeTtU9p3FZOdORRu0H3MttGy4_LZmz7nfdBUo6ybfQzUubo0K_JYf2xPED4EBBrXS4Wim8ZrgUdc9g3wbqEA0udDH4UNROaX0vb1MSL9aVz-aynNzMf-mO9IGxnpR4I_-QWvWYq6snUjZvgg_Z5oyxPr0b3oAWdwV7Abc0HBScn8TPqDu2oqOj_9FtJO9WTwW052zmE7tnTNRvNgE9X1MQPFYSTew2sjDLJBMeYnijN3DDM_dGizDJa-rugXVVI9277fr_m7iWGdr3diGfm5cRLpztyw653Hs2g6e-emkVVu2KG-Luqph_gXYHiHs16Yeu0gMw-bW56hJ7_LNQp38WvdpqAxHD0hlaBW-Qb-Vq6bsnVnnI3lPoZ8GAOnCJjE-6O3hH-oyl1kBMOhTxfhnBG2qb6fV3vZwZ5KVWCSz56gjZ7PU9rB6Pugm72BiPnKALqL6QnTDSinlY6B0yryJbq-Udd8l4oCzpKxh0B2UtlHiwWy6gUDapIVy4b6NGmj9zpQTp-UiAPhfPcChV6Q0V4PpZqBZmDWLSka_1bE_ry7Ng7a9xhLf8WR4TbBNvUtqGBpsyDEfwSeijIHq24M3ceyZSGk8d
https://doi.org/10.1016/j.rser.2022.112970
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B24%5D.+Liu%2C+Q.%2C+Li%2C+H.%2C+Shang%2C+W.+L.%2C+Wang%2C+K.+Renewable+and+Sustainable+Energy+Reviews.%2C+2022%2C+170%3A112970.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1364032122008516
https://doi.org/10.1016/j.apr.2022.101521
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D.+Lestari%2C+P.%2C+Arrohman%2C+M.+K.%2C+Damayanti%2C+S.%2C+Klimont%2C+Z.+Atmospheric+Pollution+Research.%2C+2022%2C+13%289%29%3A101521.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1309104222002033

A. Hartono et al.

333

[31]. Nathaniel S.P. Ecological footprint, energy
use, trade, and urbanization linkage in
Indonesia, Geojournal, 2021, 86:2057
[Crossref], [Google Scholar], [Publisher]

[32]. Huang S.Z., Sadiq M., Chien F. Dynamic
nexus between transportation, urbanization,
economic growth and environmental pollution
in ASEAN
regulations matter?, Environmental Science and
Pollution Research, 2021, 1 [Crossref], [Google
Scholar], [Publisher]

[33]. Barau A.S., Kafi KM, Mu'allim M.A,
Dallimer M., Hassan A. Comparative mapping of
smellscape clusters and associated air quality in
Kano City, Nigeria: An analysis of public
perception, hotspots, and inclusive decision
support tool, Sustainable Cities and Society,
2023, 96:104680 [Crossref], [Google Scholar],
[Publisher]

[34]. Holland S.P., Mansur E.T., Muller N.Z. Yates
A.]. Decompositions and policy consequences of
an extraordinary decline in air pollution from
electricity generation, American Economic
Journal:  Economic Policy, 2020, 12:244
[Crossref], [Google Scholar], [Publisher]

[35]. Ochada .M., Ayadi F. Energy consumption,
air pollution and economic growth in Nigeria,
Journal of Economic Studies (JES), 2020, 17:146
[Google Scholar], [Publisher]

[36]. Agbede E.A., Bani Y., Azman-Saini W.W,,
Naseem N.M. The impact of energy consumption
on environmental quality: empirical evidence
from the MINT countries, Environmental Science
and Pollution Research, 2021, 28:54117
[Crossref], [Google Scholar], [Publisher]

[37]. Oktavia B., Sari M.P., Sary R.C., Lisa M.,
Nasra E., Zainul R,, Efendi ]. Optimization and

countries: does environmental

analysis of some oxinate metal complex system
as introduction test for HPLC analysis, in Journal
of Physics: Conference Series, (IOP Publishing),
2018, 1317:012024 [Crossref], [Google
Scholar], [Publisher]

[38]. Kumar P., Alastair L., Peltier W. Richard.,
Erika V.S the
Measurement of Atmospheric Composition:

Low-Cost  Sensors for
Overview of Topic and Future Applications.
Environmental Research, 2020 [Google Scholar],
[Publisher]

[39]. Baklanov A., Zhang Y. Advances in air
quality modeling and forecasting. Global
Transitions, 2020, 2:261 [Crossref], [Google
Scholar], [Publisher]

[40]. Barot V., Kapadia V., Pandya S. (2020). QoS
enabled IoT based low cost air quality
monitoring system with power consumption
optimization. Cybernetics and Information
Technologies, 2020, 20:122 [Crossref], [Google
Scholar], [Publisher]

[41]. Ullo S.L., Sinha G.R. Advances in Smart
Environment Monitoring Systems Using loT and
Sensors. Sensors, 2020, 20:3113 [Crossref],
[Google Scholar], [Publisher]

[42]. Venkatraman Jagatha ], Klausnitzer A,
Chacén-Mateos M., Laquai B., Nieuwkoop E., van
der Mark P., Vogt U, Schneider C. Calibration
method for particulate matter low-cost sensors
used in ambient air quality monitoring and
research, Sensors, 2021, 21:3960 [Crossref],
[Google Scholar], [Publisher]

[43]. Ferrer-Cid P., Barcelo-Ordinas ].M., Garcia-
Vidal ]., Ripoll A, Viana M. Multisensor data
fusion calibration in IoT air pollution platforms.
IEEE Internet of Things Journal, 2020, 7:3124
[Crossref], [Google Scholar], [Publisher]

[44]. Venkatraman Jagatha ]., Klausnitzer A,
Chacon-Mateos M., Laquai B., Nieuwkoop E., van
der Mark P, Vogt U, Schneider C. Calibration
Method for Particulate Matter Low-Cost Sensors
Used in Ambient Air Quality Monitoring and
Research. Sensors, 2021, 21:3960 [Crossref],
[Google Scholar], [Publisher]

[45]. Nizeyimana E., Hanyurwimfura D., Hwang
], Nsenga ]., Regassa D. Prototype of Monitoring
Transportation Pollution Spikes through the
Internet of Things Edge Networks. Sensors,


https://doi.org/10.1007/s10708-020-10175-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B26%5D.+Nathaniel%2C+S.+P.+GeoJournal.%2C+2021%2C+86%3A2057-2070.&btnG=
https://link.springer.com/article/10.1007/s10708-020-10175-7
https://doi.org/10.1007/s11356-021-17533-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D.+Huang%2C+S.+Z.%2C+Sadiq%2C+M.%2C+Chien%2C+F.+Environmental+Science+and+Pollution+Research.%2C+2021%2C+%3A1-16.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D.+Huang%2C+S.+Z.%2C+Sadiq%2C+M.%2C+Chien%2C+F.+Environmental+Science+and+Pollution+Research.%2C+2021%2C+%3A1-16.&btnG=
https://link.springer.com/article/10.1007/s11356-021-17533-z
https://doi.org/10.1016/j.scs.2023.104680
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B28%5D.+Barau%2C+A.+S.%2C+Kafi%2C+K.+M.%2C+Mu%27allim%2C+M.+A.%2C+Dallimer%2C+M.%2C+Hassan%2C+A.+Sustainable+Cities+and+Society.%2C+2023%2C+96%3A104680.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2210670723002913
https://doi.org/10.1257/pol.20190390
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D.+Holland%2C+S.+P.%2C+Mansur%2C+E.+T.%2C+Muller%2C+N.+Z.%2C+Yates%2C+A.+J.+American+Economic+Journal%3A+Economic+Policy.%2C+2020%2C+12%284%29%3A244-274.&btnG=
https://www.aeaweb.org/articles?id=10.1257/pol.20190390
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D.+Ochada%2C+I.+M.%2C+Ayadi%2C+F.+S.+Journal+of+Economic+Studies+%28JES%29.%2C+2020%2C+17%281%29%3A146-158.&btnG=
https://nauecojournals.com/files/articles/6dd8730584f7d763aa7d9f9c2594cc41.pdf
https://doi.org/10.1007/s11356-021-14407-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D.+Agbede%2C+E.+A.%2C+Bani%2C+Y.%2C+Azman-Saini%2C+W.+W.%2C+Naseem%2C+N.+M.+Environmental+Science+and+Pollution+Research.%2C+2021%2C+28%2838%29%3A54117-54136.&btnG=
https://link.springer.com/article/10.1007/s11356-021-14407-2
https://doi.org/10.1088/1742-6596/1317/1/012024
https://scholar.google.com/scholar?q=%5B37%5D.+Oktavia,+B.,+Sari,+M.+P.,+Sary,+R.+C.,+Lisa,+M.,+Nasra,+E.,+Zainul,+R.,+%26+Efendi,+J.+(2019,+October).+Optimization+and+analysis+of+some+oxinate+metal+complex+system+as+introduction+test+for+HPLC+analysis.+In+Journal+of+Physics:+Conference+Series+(Vol.+1317,+No.+1,+p.+012024).+IOP+Publishing.&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=%5B37%5D.+Oktavia,+B.,+Sari,+M.+P.,+Sary,+R.+C.,+Lisa,+M.,+Nasra,+E.,+Zainul,+R.,+%26+Efendi,+J.+(2019,+October).+Optimization+and+analysis+of+some+oxinate+metal+complex+system+as+introduction+test+for+HPLC+analysis.+In+Journal+of+Physics:+Conference+Series+(Vol.+1317,+No.+1,+p.+012024).+IOP+Publishing.&hl=en&as_sdt=0,5
https://iopscience.iop.org/article/10.1088/1742-6596/1317/1/012024/meta
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Low-Cost+Sensors+for+the+Measurement+of+Atmospheric+Composition%3A+Overview+of+Topic+and+Future+Applications&btnG=
https://eprints.whiterose.ac.uk/135994/
https://doi.org/10.1016/j.glt.2020.11.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Advances+in+air+quality+modeling+and+forecasting&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Advances+in+air+quality+modeling+and+forecasting&btnG=
https://www.sciencedirect.com/science/article/pii/S2589791820300232
https://doi.org/10.2478/cait-2020-0021
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=QoS+enabled+IoT+based+low+cost+air+quality+monitoring+system+with+power+consumption+optimization&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=QoS+enabled+IoT+based+low+cost+air+quality+monitoring+system+with+power+consumption+optimization&btnG=
https://intapi.sciendo.com/pdf/10.2478/cait-2020-0021
https://doi.org/10.3390/s20113113
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Advances+in+Smart+Environment+Monitoring+Systems+Using+IoT+and+Sensors&btnG=
https://www.mdpi.com/1424-8220/20/11/3113
https://doi.org/10.3390/s21123960
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B42%5D.%09Venkatraman+Jagatha%2C+J.%2C+Klausnitzer%2C+A.%2C+Chac%C3%B3n-Mateos%2C+M.%2C+Laquai%2C+B.%2C+Nieuwkoop%2C+E.%2C+van+der+Mark%2C+P.%2C+Vogt%2C+U.%2C+%26+Schneider%2C+C.%2C+%22Calibration+Method+for+Particulate+Matter+Low-Cost+Sensors+Used+in+Ambient+Air+Quality+Monitoring+and+Research%2C%22+Sensors%2C+2021.&btnG=
https://www.mdpi.com/1424-8220/21/12/3960
https://doi.org/10.1109/JIOT.2020.2965283
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Multisensor+data+fusion+calibration+in+IoT+air+pollution+platforms&btnG=
https://ieeexplore.ieee.org/abstract/document/8954608
https://doi.org/10.3390/s21123960
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Calibration+Method+for+Particulate+Matter+Low-Cost+Sensors+Used+in+Ambient+Air+Quality+Monitoring+and+Research&btnG=
https://www.mdpi.com/1424-8220/21/12/3960

Development of an Integrated Air Quality ...

334

2023, 23:8941
[Publisher]
[46]. Okafor N. Advances and Challenges in IoT
Sensors Data Handling and Processing in
Environmental Monitoring Systems, Authorea
Preprints, 2023, 1 [Crossref], [Google Scholar],
[Publisher]

[47]. Essamlali I, Nhaila H. El Khaili M.
Supervised Machine Learning Approaches for
Predicting Key Pollutants the
Sustainable Enhancement of Urban Air Quality:
A Systematic Review. Sustainability, 2024,
16:976 [Crossref], [Google Scholar], [Publisher]
[48]. Yu Q. Xiong F., Wang Y. Integration of
wireless sensor network and IoT for smart
environment monitoring system. Journal of
Interconnection Networks, 2022, 22:2143010
[Crossref], [Google Scholar], [Publisher]

[49]. Ullo S.L., Sinha G.R. Advances in smart
environment monitoring systems using [oT and
sensors, Sensors, 2020, 20:3113 [Crossref],
[Google Scholar], [Publisher]

[50]. Ouni R, Saleem K. Framework for
sustainable wireless sensor network based
environmental monitoring, Sustainability, 2022,
14:8356 [Crossref], [Google Scholar],
[Publisher]

[51]. Hedley ].D., Roelfsema C.M., Phinn S.R,
Mumby P.J.
limitations in optical remote sensing of coral
reefs: Implications for monitoring and sensor
design. Remote Sensing, 2012, 4:271 [Crossref],
[Google Scholar], [Publisher]

[52]. Li G, Sun H., Wu P, Zhou Y., Fang X,, Li Z,
Li J., Huang Y., Wen G. A Novel TRNG Based on
Traditional ADC Nonlinear Effect and Chaotic
Map for IoT Security and Anticollision. Security
and Communication Networks, 2021, 2021:1
[Crossref], [Google Scholar], [Publisher]

[53]. Van Poppel M., Schneider P., Peters ],
Yatkin S, M., Matheeussen C,
Bartonova A., Davila S, Signorini M. Vogt M.
SensEURCity: A multi-city air quality dataset

[Crossref], [Google Scholar],

and for

Environmental and sensor

Gerboles

collected for 2020/2021 using open low-cost
sensor systems, Scientific data, 2023, 10:322
[Crossref], [Google Scholar], [Publisher]

[54]. Schilt U., Barahona B., Buck R., Meyer P,,
Kappani P., MocKkli Y., Meyer M., Schuetz P. Low-
Cost sensor node for air quality monitoring:
Field tests and validation of particulate matter
measurements, Sensors, 2023, 23:794
[Crossref], [Google Scholar], [Publisher]

[55]. Anastasiou E., Vilcassim M.R., Adragna ]J.,
Gill E, Tovar A., Thorpe LE., Gordon T.
Feasibility of low-cost particle sensor types in
long-term indoor air pollution health studies
after repeated calibration, 2019-2021, Scientific
Reports, 2022, 12:14571 [Crossref], [Google
Scholar], [Publisher]

[56]. Liu X,, Jayaratne R., Thai P., Kuhn T., Zing L.,
Christensen B., Lamont R., Dunbabin M., Zhu S.,
Gao ]. Low-cost sensors as an alternative for
long-term air quality monitoring, Environmental
research, 2020, 185:109438 [Crossref], [Google
Scholar], [Publisher]

[57]. Mahajan S. Design and development of an
open-source framework for citizen-centric
environmental monitoring and data analysis,
Scientific Reports, 2022, 12:14416 [Crossref],
[Google Scholar], [Publisher]

[58]. Bainomugisha E., Ssematimba ]., Okure D.
Design Considerations for a Distributed Low-
Cost Air Quality Sensing System for Urban
Environments in Low-Resource Settings,
Atmosphere, 2023, 14:354 [Crossref], [Google
Scholar], [Publisher]


https://doi.org/10.3390/s23218941
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D.+Nizeyimana%2C+E.%2C+Hanyurwimfura%2C+D.%2C+Hwang%2C+J.%2C+Nsenga%2C+J.%2C+Regassa%2C+D.+Sensors.%2C+2023%2C+23%2821%29%3A8941.&btnG=
https://www.mdpi.com/1424-8220/23/21/8941
https://doi.org/10.36227/techrxiv.24045951.v1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B33%5D.+Okafor%2C+N.+Advances+and+Challenges+in+IoT+Sensors+Data+Handling+and+Processing+in+Environmental+Monitoring+Systems%3B+Authorea+Preprints%3A+%5BPublication+City%5D%2C+2023%3B+p+%5BPage+numbers%5D.+DOI&btnG=
https://www.techrxiv.org/doi/full/10.36227/techrxiv.24045951.v1
https://doi.org/10.3390/su16030976
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+Essamlali%2C+I.%2C+Nhaila%2C+H.%2C+El+Khaili%2C+M.+Sustainability.%2C+2024%2C+16%283%29%3A976.&btnG=
https://www.mdpi.com/2071-1050/16/3/976
https://doi.org/10.1142/S0219265921430106
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B35%5D.+Yu%2C+Q.%2C+Xiong%2C+F.%2C+Wang%2C+Y.+Journal+of+Interconnection+Networks.%2C+2022%2C+22%28Supp02%29%3A2143010.&btnG=
https://www.worldscientific.com/doi/abs/10.1142/S0219265921430106
https://doi.org/10.3390/s20113113
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D.+Ullo%2C+S.+L.%2C+Sinha%2C+G.+R.+Sensors.%2C+2020%2C+20%2811%29%3A3113.&btnG=
https://www.mdpi.com/1424-8220/20/11/3113
https://doi.org/10.3390/su14148356
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D.+Ouni%2C+R.%2C+Saleem%2C+K.+sustainability.%2C+2022%2C+14%2814%29%3A8356.&btnG=
https://www.mdpi.com/2071-1050/14/14/8356
https://doi.org/10.3390/rs4010271
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B51%5D.%09Hedley%2C+J.+D.%2C+Roelfsema%2C+C.+M.%2C+Phinn%2C+S.+R.%2C+%26+Mumby%2C+P.+J.%2C+%22Environmental+and+Sensor+Limitations+in+Optical+Remote+Sensing+of+Coral+Reefs%3A+Implications+for+Monitoring+and+Sensor+Design%2C%22+Remote+Sensing%2C+2012%2C+4%281%29%2C+271-302.+&btnG=
https://www.mdpi.com/2072-4292/4/1/271
https://doi.org/10.1155/2021/2439427
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B52%5D.%09Li%2C+G.%2C+Sun%2C+H.%2C+Wu%2C+P.%2C+%26+Wen%2C+G.+J.%2C+%22A+Novel+TRNG+Based+on+Traditional+ADC+Nonlinear+Effect+and+Chaotic+Map+for+IoT+Security+and+Anticollision%2C%22+ResearchGate%2C+2021.+Link+to+the+publication+on+ResearchGate&btnG=
https://www.hindawi.com/journals/scn/2021/2439427/
https://doi.org/10.1038/s41597-023-02135-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B53%5D.%09Van+Poppel%2C+M.%2C+Schneider%2C+P.%2C+Peters%2C+J.%2C+Yatkin%2C+S.%2C+Gerboles%2C+M.%2C+Matheeussen%2C+C.%2C+...+%26+Haugen%2C+R.%2C+%22SensEURCity%3A+A+multi-city+air+quality+dataset+collected+for+2020%2F2021+using+open+low-cost+sensor+systems%2C%22+Scientific+Data%2C+2023%2C+10%281%29%2C+322.&btnG=
https://www.nature.com/articles/s41597-023-02135-w
https://doi.org/10.3390/s23020794
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B54%5D.%09Schilt%2C+U.%2C+Barahona%2C+B.%2C+Buck%2C+R.%2C+Meyer%2C+P.%2C+Kappani%2C+P.%2C+M%C3%B6ckli%2C+Y.%2C+...+%26+Schuetz%2C+P.%2C+%22Low-Cost+sensor+node+for+air+quality+monitoring%3A+Field+tests+and+validation+of+particulate+matter+measurements%2C%22+Sensors%2C+2023%2C+23%282%29%2C+794.+&btnG=
https://www.mdpi.com/1424-8220/23/2/794
https://doi.org/10.1038/s41598-022-18200-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B55%5D.%09Anastasiou%2C+E.%2C+Vilcassim%2C+M.+R.%2C+Adragna%2C+J.%2C+Gill%2C+E.%2C+Tovar%2C+A.%2C+Thorpe%2C+L.+E.%2C+%26+Gordon%2C+T.%2C+%22Feasibility+of+low-cost+particle+sensor+types+in+long-term+indoor+air+pollution+health+studies+after+repeated+calibration%2C+2019%E2%80%932021%2C%22+Scientific+Reports%2C+2022%2C+12%281%29%2C+14571.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B55%5D.%09Anastasiou%2C+E.%2C+Vilcassim%2C+M.+R.%2C+Adragna%2C+J.%2C+Gill%2C+E.%2C+Tovar%2C+A.%2C+Thorpe%2C+L.+E.%2C+%26+Gordon%2C+T.%2C+%22Feasibility+of+low-cost+particle+sensor+types+in+long-term+indoor+air+pollution+health+studies+after+repeated+calibration%2C+2019%E2%80%932021%2C%22+Scientific+Reports%2C+2022%2C+12%281%29%2C+14571.&btnG=
https://www.nature.com/articles/s41598-022-18200-0
https://doi.org/10.1016/j.envres.2020.109438
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B56%5D.%09Liu+X%2C+Jayaratne+R%2C+Thai+P%2C+Kuhn+T%2C+Zing+I%2C+Christensen+B%2C+Lamont+R%2C+Dunbabin+M%2C+Zhu+S%2C+Gao+J%2C+Wainwright+D%2C+Neale+D%2C+Kan+R%2C+Kirkwood+J%2C+Morawska+L%2C+%22Low-cost+sensors+as+an+alternative+for+long-term+air+quality+monitoring%2C%22+Environ+Res%2C+2020%2C+185%2C+109438.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B56%5D.%09Liu+X%2C+Jayaratne+R%2C+Thai+P%2C+Kuhn+T%2C+Zing+I%2C+Christensen+B%2C+Lamont+R%2C+Dunbabin+M%2C+Zhu+S%2C+Gao+J%2C+Wainwright+D%2C+Neale+D%2C+Kan+R%2C+Kirkwood+J%2C+Morawska+L%2C+%22Low-cost+sensors+as+an+alternative+for+long-term+air+quality+monitoring%2C%22+Environ+Res%2C+2020%2C+185%2C+109438.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0013935120303315
https://doi.org/10.1038/s41598-022-18700-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B57%5D.%09Mahajan%2C+S.%2C+%22Design+and+development+of+an+open-source+framework+for+citizen-centric+environmental+monitoring+and+data+analysis%2C%22+Scientific+Reports%2C+2022%2C+12%281%29%2C+14416.&btnG=
https://www.nature.com/articles/s41598-022-18700-z
https://doi.org/10.3390/atmos14020354
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B58%5D.%09Bainomugisha%2C+E.%2C+Ssematimba%2C+J.%2C+%26+Okure%2C+D.%2C+%22Design+Considerations+for+a+Distributed+Low-Cost+Air+Quality+Sensing+System+for+Urban+Environments+in+Low-Resource+Settings%2C%22+Atmosphere%2C+2023%2C+14%282%29%2C+354.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B58%5D.%09Bainomugisha%2C+E.%2C+Ssematimba%2C+J.%2C+%26+Okure%2C+D.%2C+%22Design+Considerations+for+a+Distributed+Low-Cost+Air+Quality+Sensing+System+for+Urban+Environments+in+Low-Resource+Settings%2C%22+Atmosphere%2C+2023%2C+14%282%29%2C+354.+&btnG=
https://www.mdpi.com/2073-4433/14/2/354

A. Hartono et al.

335

How to cite this manuscript: Ambran
Hartono, Dhoni Ikhsan Widodo, Salsabila Tahta
Hirani Putri, Rahadian Zainul, Mohammad
Abdullah, Ahmad Zikri, Imtiaz Ali Laghari.
Development of an Integrated Air Quality
Monitoring System for Temperature, Humidity,
CO, and PM10 Measurement. Asian Journal of
Green Chemistry, 8(3) 2024, 319-335.

DOI: 10.48309/AJGC.2024.445430.1481




