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 Air pollution is a pressing global issue, particularly in urban areas 

where rapid industrialization and urbanization have led to 

deteriorating air quality. Jakarta, as one of the world's most populous 

megacities, faces significant challenges in managing air pollution and 

safeguarding public health. This research paper explores the 

implementation of Internet of Things (IoT) technology for air pollution 

monitoring in Jakarta and quantitatively assesses the influence of air 

quality changes on public health outcomes. The study involves the 

deployment of IoT sensors to collect real-time data on key air 

pollutants, including particulate matter (PM2.5, PM10), nitrogen 

dioxide (NO2), sulfur dioxide (SO2), carbon monoxide (CO), and ozone 

(O3). Statistical analyses, including regression and correlation analyses, 

reveal strong associations between air quality variables and health 

indicators. Findings indicate that elevated levels of PM2.5 and NO2 are 

linked to increased hospital admissions for respiratory diseases, and 

CO levels are associated with hypertension and cardiovascular 

diseases. The study also explores public perception through surveys 

and questionnaires, highlighting a high level of awareness and support 

for government initiatives to improve air quality. The results 

emphasize the need for informed policy decisions, including stricter 

emission standards and public awareness campaigns, to combat air 

pollution and protect public health in Jakarta. 
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1. INTRODUCTION  

Indeed, urbanization has produced a 

number of positive effects, including rising 

living standards and economic growth. 

Significant problems have also resulted from 

it, such as air pollution in areas like Jakarta, 

the capital of Indonesia. Rapid 

industrialization, more traffic, and urban 
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sprawl are among the elements causing 

Jakarta's air quality to deteriorate [1]. The 

effects of poor air quality are extensive, 

hurting not only the environment but also the 

citizens' health and well-being in Jakarta. 

Some sections of Jakarta had lower 

concentrations of pollutants like particles 

(PM10, PM25), sulfur dioxide (SO2), carbon 

monoxide (CO), ozone (O3), and nitrogen 

dioxide (NO2), but the city's overall air 

quality remained subpar [1]. Another study 

that looked at how urbanization, 

transportation systems, air quality, and health 

outcomes affected Jakartans' quality of life 

discovered that both urbanization and bad air 

quality had a detrimental effect on it [2]. 

Effective policies and strategies must be put 

into place in order to mitigate the detrimental 

effects of urbanization and air pollution on the 

quality of life in cities like Jakarta. Enhancing 

public transit, encouraging cleaner 

technologies, and enforcing stronger rules on 

industrial emissions are a few examples of 

these. Additionally, supporting individual 

acts to decrease pollution and increasing 

public knowledge of the value of preserving 

healthy air quality can help to improve the 

overall air quality in urban areas. 

Air pollution is a significant concern 

due to its severe implications for public 

health. Various pollutants, such as fine 

particulates (PM2.5), nitrogen dioxide (NO2), 

sulfur dioxide (SO2), carbon monoxide (CO), 

and ozone (O3), can cause a range of health 

problems, including respiratory diseases, 

cardiovascular issues, and even premature 

death [3]. Vulnerable populations, such as 

children, the elderly, and individuals with 

pre-existing health conditions, are at higher 

risk. A study found that outdoor air pollution, 

mainly caused by PM2.5, leads to 3.3 million 

premature deaths per year worldwide, 

predominantly in Asia [4]. In China, 

premature mortality caused by PM2.5 

dropped from 1,078,800 in 2014 to 962,900 in 

2017 [5]. Exposure to PM2.5 and NO2 has 

been associated with a small increase in non-

accidental mortality (HR: 1.01–1.03) [6]. Short-

term exposure to SO2 has been linked to 

higher morbidity of cardiovascular diseases 

and increased hospitalization due to 

respiratory diseases [7]. Various sources 

contribute to air pollution, including 

residential heating, heavy industry, road 

traffic, and regional and long-range air 

pollution transport [8]. In the northeastern 

part of the Czech Republic, residential 

emissions from solid fuels were found to be 

responsible for approximately 50–60% of 

PM2.5 concentration, followed by regional 

primary and secondary aerosol sources (up to 

40% of the total PM2.5 aerosol mass) [8]. 

Lower contributions were identified for 

resuspended mineral and biogenic particles 

(15–20%), long-range (trans-European) air 

pollution transport (up to 10%), and heavy 

industry (up to 10% in the most affected 

location) [8]. 

Addressing Jakarta's air pollution 

problem and associated health risks requires 

innovative and technologically advanced 

approaches. The Internet of Things (IoT) 

presents a promising solution. IoT technology 

enables real-time monitoring of air quality by 

deploying sensors and devices across the city. 

These sensors can collect data on various air 

pollutants and provide valuable insights for 

policymakers, environmental agencies, and 

the public. The application of IoT technology 

in air pollution monitoring is an important 

step to improve air quality and protect public 

health in Jakarta. This study aims to 

quantitatively assess the effect of changes in 

air quality, monitored through IoT 

technology, on public health outcomes in 

Jakarta.  

 

2. LITERATURE REVIEW  

2.1 Air Pollution in Jakarta 

Jakarta, one of the most populous and 

quickly expanding megacities in the world, 

suffers serious problems with air pollution. 

Due to a number of factors, including growing 

urbanization, industrial activity, and an 

increase in vehicle traffic, the city's air quality 

has been declining. Studies have repeatedly 

shown that Jakarta's atmosphere contains 

high quantities of pollutants like particulate 

matter (PM2.5 and PM10), nitrogen dioxide 

(NO2), sulfur dioxide (SO2), carbon monoxide 
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(CO), and ozone (O3) [1]. The concentration of 

PM10, PM2.5, SO2, CO, O3, and NO2, as 

assessed by PM10 and PM2.5 concentration 

indicator values, has reduced from previous 

months in numerous congested locations in 

Jakarta, according to a study [1]. However, the 

city still has the highest level of air pollution 

in the world. Emissions from industrial 

processes and motor vehicle use are directly 

related to air pollution in Jakarta [1]. Poor 

health outcomes, such as respiratory and 

cardiovascular diseases and mental health 

issues, have been associated with exposure to 

air pollution [9]. Using a private vehicle is 

linked to greater exposure to air and noise 

pollution in Jakarta, whereas using a public 

vehicle is linked to reduced exposure [9]. The 

air pollution index of PM2.5, PM10, CO, SO2, 

and NO2 fell by 9.48%, 15.74%, 29.17%, 6.26%, 

and 18.34%, respectively, during the large-

scale social restriction (LSSR) period brought 

on by the COVID-19 pandemic, whereas O3 

exhibited a rise of 4.06% [10]. Additionally, 

the study discovered strong positive 

associations between SO2, CO, and PM2.5 

instances and COVID-19 infections, showing 

that exposure to these pollutants increased the 

region's susceptibility to COVID-19 infection 

[10]. Measures to lessen exposure to pollution 

and encourage the use of active and public 

transportation are required to improve public 

health in Jakarta. The long-term effects of 

pollution and transportation on public health 

must be investigated in greater detail in order 

to find efficient solutions to lessen those 

effects [9]. 

2.2 Causes of Air Pollution in Jakarta 

Due to a number of variables, air 

pollution in Jakarta is a serious problem. 

Pollutants like NO2 and CO2 are mostly 

produced by vehicles used for road 

transportation, including buses, cars, and 

motorcycles. By emitting pollutants like SO2 

and particulate matter from industries and 

power plants, Jakarta's industrial sector also 

adds to air pollution. Air quality is impacted 

by ongoing construction projects that produce 

dust and other particulates [11]. Poor waste 

management techniques, such as burning 

rubbish in the open, worsen air pollution [12]. 

Because of its position, Jakarta is subject to 

environmental hazards like forest fires and 

weather patterns that might impact air 

quality. In Jakarta, some congested areas were 

found to have lower PM10, PM2.5, SO2, CO, 

O3, and NO2 concentrations in 2021 

compared to earlier months [1]. The 

community and the government must work 

together to protect the city's good air quality 

because air pollution still poses a serious 

threat [13]. 

2.3 IoT Technology in Air Quality 

Monitoring 

To combat the detrimental effects of 

air pollution, many cities, including Jakarta, 

have explored the potential of IoT technology 

for real-time air quality monitoring. IoT 

leverages interconnected sensors and devices 

to collect, transmit, and analyze data from 

various locations within the city. The 

advantages of using IoT technology for air 

quality monitoring are substantial [14], [15]. 

IoT sensors provide real-time data on air 

pollutant concentrations, enabling rapid 

response to air quality issues. Sensors can be 

strategically placed throughout the city to 

capture spatial variations in air quality. IoT 

technology is often more cost-effective than 

traditional monitoring methods, making it 

accessible to a broader range of urban areas. 

Data collected through IoT can be made 

available to the public, researchers, and 

policymakers, fostering transparency and 

citizen engagement. IoT can facilitate the 

development of early warning systems for 

extreme air pollution events [16]–[18]. 

2.4 Health Impacts of Air Pollution 

Air pollution has severe health 

consequences, impacting both the respiratory 

and cardiovascular systems. Numerous 

studies have highlighted the following health 

risks associated with exposure to polluted air. 

Fine particulate matter and pollutants like 

NO2 and O3 can lead to increased 

susceptibility to respiratory infections [19], 

[20]. Air pollution exacerbates asthma 

symptoms and can trigger asthma attacks, 

especially in children. Long-term exposure to 

pollutants like CO and SO2 is linked to the 

development and progression of COPD. Air 
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pollution is associated with an increased risk 

of hypertension, which is a major risk factor 

for cardiovascular diseases. Elevated levels of 

pollutants like PM2.5 have been linked to an 

increased risk of heart attacks and strokes. 

Children, the elderly, and individuals with 

pre-existing health conditions are particularly 

susceptible to the adverse health effects of air 

pollution [21]–[23].  

 

3. METHODS  

3.1 Data Collection 

To monitor air quality in Jakarta, a 

network of IoT sensors is strategically 

deployed across the city. These sensors will be 

placed in various locations, including urban, 

industrial, and residential areas, to capture 

spatial variations in air pollutant 

concentrations. The sensors will measure key 

pollutants, including PM2.5, PM10, NO2, 

SO2, CO, and O3. 

3.2 Variable Data 

The IoT sensors collect data on the 

following variables: 

Particulates (PM2.5 and PM10): These 

measurements will provide insight into the 

concentration of fine particulate matter, 

which is known to have adverse health effects. 

Nitrogen Dioxide (NO2): NO2 levels 

are indicative of traffic-related emissions and 

can cause respiratory problems. 

Sulfur Dioxide (SO2): SO2 is a by-

product of industrial activities and can have 

respiratory and environmental impacts. 

Carbon Monoxide (CO): Monitoring 

CO levels is essential, as it is related to 

combustion processes and can affect air 

quality and health. 

Ozone (O3): O3 levels will be 

monitored as it can have both beneficial and 

detrimental impacts depending on its 

concentration in the atmosphere. 

3.3 Data Transmission and Storage 

Data collected by IoT sensors will be 

transmitted in real-time to a centralized 

database for storage and analysis. This 

database will ensure data integrity, security, 

and accessibility for research purposes. 

 

 

3.4 Data Analysis 

3.4.1 Air Quality Trend Analysis 

To assess air quality trends in Jakarta, 

historical air quality data collected by IoT 

sensors will be analyzed. This analysis will 

involve: 

Time Series Analysis: Time series 

analysis will be used to identify seasonal and 

long-term trends in the air quality data. 

Spatial Analysis: Spatial analysis will 

examine variations in air quality across 

different areas in Jakarta. 

3.4.2 Health Impact Assessment 

The effect of changes in air quality on 

public health outcomes will be assessed using 

statistical methods. Specifically: 

Regression Analysis: Multiple 

regression analysis will be conducted to 

explore the relationship between air quality 

variables (PM2.5, NO2) and health indicators 

(number of patients hospitalized for 

respiratory and cardiovascular diseases). This 

analysis will control for confounding 

variables such as weather conditions and 

socioeconomic factors. 

Correlation Analysis: Correlation 

analysis will be used to identify relationships 

between air quality indices and health data. 

3.4.3 Public Perception Analysis 

To measure public perception of air 

quality and its impact on health, surveys and 

questionnaires will be administered to 

residents in selected areas of Jakarta. The 

survey will include questions relating to: 

a. Awareness of air quality issues. 

b. Concerns about air pollution. 

c. Personal experience with air pollution-

related health problems. 

d. Views on government initiatives to 

improve air quality. 

3.5 Survey and Questionnaire 

3.5.1 Sampling Strategy 

A stratified random sampling 

approach will be used to select respondents 

for the survey. Stratification will be based on 

demographic factors, including age, gender, 

and region of residence. This approach 

ensures that the sample represents the diverse 

population of Jakarta. 
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3.5.2 Survey Administration 

Trained surveyors administer the 

survey and questionnaires in person. 

Surveyors will explain the purpose of the 

survey and obtain consent from respondents. 

Efforts will be made to maximize response 

rates and minimize bias. 

 

4. RESULTS AND DISCUSSION  

4.1 Air Quality Trend Analysis 

A time series analysis of the air 

quality data collected by the IoT sensors 

shows some important trends in Jakarta's air 

quality over the study period. The data shows 

clear seasonal variations in air quality. PM2.5 

levels tend to be higher during the dry season, 

coinciding with forest fires, while NO2 

concentrations increase during the rainy 

season due to increased emissions from road 

traffic. Despite the seasonal fluctuations, there 

is a visible long-term improvement in air 

quality in Jakarta. This improvement can be 

attributed to various air quality management 

initiatives, including stricter emission 

standards and traffic control measures. 

4.2 Spatial Analysis 

Spatial analysis of air quality data 

highlights significant differences in pollutant 

concentrations across different areas in 

Jakarta. Urban areas, characterized by heavy 

traffic and industrial activities, consistently 

show higher levels of NO2 and CO compared 

to residential areas. PM2.5 levels also increase 

due to construction dust and vehicle 

emissions. Industrial areas in Jakarta show the 

highest SO2 concentrations, reflecting 

emissions from factories and power plants. 

Residential areas generally have better air 

quality, but even here, occasional spikes in 

PM2.5 and NO2 levels are observed, most 

likely due to local pollution sources. 

4.3 Health Impact Assessment 

4.3.1 Regression Analysis 

Regression analysis examined the 

relationship between air quality variables and 

health indicators. Findings showed a 

significant relationship: 

Higher levels of PM2.5 and NO2 were 

positively correlated with an increased 

number of patients hospitalized for 

respiratory illnesses, especially among 

vulnerable populations such as children and 

the elderly. High levels of CO were associated 

with an increased risk of hypertension, while 

PM2.5 was associated with higher rates of 

heart attack and stroke. The cumulative 

impact of poor air quality on public health is 

substantial, with air pollution contributing to 

increased healthcare costs and reduced 

quality of life. 

4.3.2 Correlation Analysis 

Correlation analysis confirmed the 

relationships observed in the regression 

analysis, indicating a strong association 

between air quality variables and health 

outcomes. 

Strong correlation: PM2.5 and NO2 

levels showed a strong positive correlation 

with the number of patients hospitalized for 

respiratory diseases, with correlation 

coefficients exceeding 0.8. CO levels showed 

moderate correlations with rates of 

hypertension and cardiovascular disease, 

underscoring the importance of addressing 

CO emissions. 

4.3.3 Public Perception Analysis 

Analysis of public perceptions 

through surveys and questionnaires yielded 

important insights into how Jakarta residents 

perceive air quality and its impact on their 

health. The majority of respondents expressed 

awareness of air quality issues in Jakarta, with 

80% indicating that they were concerned 

about air pollution. Most (65%) respondents 

reported experiencing health problems, such 

as coughing and breathing difficulties, which 

they attributed to poor air quality. Most 

respondents expressed support for 

government initiatives to improve air quality, 

including stricter emission standards and 

public awareness campaigns. 

Discussion 

The results of this study underscore 

the importance of addressing air pollution in 

Jakarta through the application of IoT 

technology and appropriate policy-making. 

Several key points emerge from the findings: 

The long-term improvement of air 

quality in Jakarta is a positive sign, reflecting 

the impact of measures taken to reduce 
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emissions from various sources. However, 

challenges remain in managing seasonal 

variations and local pollution sources. The 

strong association between air quality 

variables and health outcomes highlights the 

urgent need for targeted interventions to 

protect public health, especially among 

vulnerable populations. High levels of public 

awareness and support for air quality 

improvement measures indicate a willingness 

to participate in efforts to combat air 

pollution. Based on the findings, 

policymakers should consider a multi-

pronged approach that includes stricter 

emission standards, improved public 

transportation, and public awareness 

campaigns. Addressing specific pollutants 

such as CO and PM2.5 is critical to reducing 

the health burden. Further research is needed 

to explore the effectiveness of specific 

interventions and to monitor the long-term 

impact of improved air quality on public 

health. 

 

CONCLUSION 

In conclusion, this research 

underscores the critical importance of 

addressing air pollution in Jakarta and other 

urban areas through innovative approaches 

such as the implementation of IoT technology. 

The key findings of this study can be 

summarized as follows: 

1. Air Quality Improvement: Jakarta has 

witnessed a long-term improvement in air 

quality, reflecting the impact of various 

measures aimed at reducing emissions 

from diverse sources. However, 

challenges persist, including seasonal 

variations and localized pollution 

hotspots. 

2. Health Implications: The strong 

associations observed between air quality 

variables (e.g., PM2.5, NO2, CO) and 

health outcomes (e.g., respiratory 

diseases, hypertension, cardiovascular 

diseases) underscore the urgent need for 

targeted interventions to protect public 

health, particularly among vulnerable 

populations. 

3. Public Awareness and Support: The high 

level of public awareness and support for 

air quality improvement measures 

demonstrate the willingness of Jakarta's 

residents to participate in efforts to 

combat air pollution and its adverse 

health effects. 

4. Policy Recommendations: Based on these 

findings, policymakers are encouraged to 

adopt a multi-faceted approach that 

includes stricter emission standards, 

enhanced public transportation 

infrastructure, and robust public 

awareness campaigns. Addressing 

specific pollutants like CO and PM2.5 

should be prioritized to reduce the health 

burden. 

5. Future Research: To ensure sustained 

progress in air quality management and 

public health protection, further research 

is necessary to assess the effectiveness of 

specific interventions and monitor the 

long-term impact of air quality 

improvements. 

6. This study contributes significantly to the 

understanding of air pollution in Jakarta 

and serves as a valuable resource for 

guiding evidence-based policy decisions. 

The implementation of IoT technology for 

air pollution monitoring, coupled with 

informed policymaking and community 

engagement, holds the potential to create 

a healthier and more sustainable urban 

environment in Jakarta and beyond. It is 

our hope that the findings of this research 

will inspire similar initiatives in other 

urban centers facing the challenges of air 

pollution. 
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