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Abstract

This paper presents a GIS-based spatial analysis to identify and map air pollution hotspots in Dhaka city,
Bangladesh, with a focus on black carbon and ultrafine particle (UFP) concentrations. The data were collected by
a mobile monitoring system that measured the pollutants along different routes in the city over a two-day period,
offering a high-resolution view of pollution patterns. The spatial distribution and temporal variation of the
pollutants were analyzed and mapped using GIS tools and techniques. This method allows for detailed
identification of areas with high pollution exposure and temporal trends. The results showed that the concentrations
of black carbon and UFPs were higher in the central and southern parts of the city, where traffic congestion and
industrial activities were more prevalent. The highest concentrations were observed near the traffic square,
indicating the influence of vehicular emissions. The paper contributes to the literature by providing a high-
resolution spatial analysis of black carbon and UFPs in Dhaka city, which can help identify the areas of high
exposure and prioritize interventions to improve air quality and public health.

Keywords: Air pollution hotspots; GIS-based spatial analysis; Mobile monitoring system; Spatial distribution; and
Environmental health risks.

1 Introduction

Air pollution hotspots in Dhaka city have been mapped using GIS-based spatial analysis. Research reveals that the annual
concentration of PM2.5 has increased by 47% from 2002-2019 (Emon et al., 2025). Mo and Rahman both found that particulate
matter (PM) is a major concern, with concentrations exceeding air quality standards (Mendez-Espinosa et al., 2020). Mo also
highlighted the role of industrial and vehicular emissions in this issue. The recent two papers further emphasized the impact of
these emissions, Begum noting the influence of traffic on PM concentrations and Guttikunda providing a detailed emissions
inventory for Delhi, India, which could serve as a model for similar studies in Dhaka (Begum et al., 2006; Calori, 2013).
Different methods have been used to evaluate air quality, including global AQI and local AQI. The local AQI better represents
the air quality of Dhaka city, considering spatial patterns (Rahaman et al., 2025).The impact of air pollutants dispersion from
traffic emissions has been investigated, and it was found that wind velocity, wind direction, and street geometries play a
significant role in pollution dispersion (FVM-RANS Modeling of Air Pollutants Dispersion and Traffic Emission in Dhaka City
on a Suburb Scale, n.d.). The spatiotemporal distribution of air quality indicators in the greater Dhaka region has been analyzed,
and a forecast model has been developed to predict weekly AQI values (Spatial Variation of Air Quality Index and Urban
Driving Factors Linkages: Evidence from Chinese Cities | Environmental Science and Pollution Research, n.d.). A study of
Khulna University Studies also highlights the increasing vehicular population and its contribution to air pollution in Dhaka city
(Azad et al., 2005).

Black Carbon and ultrafine particles (UFPs), which contribute to respiratory illnesses and cardiovascular diseases. Dhaka,
Bangladesh, suffers from severe air pollution, with Black Carbon and ultrafine particles (UFPs) being major contributors to
respiratory illnesses and cardiovascular diseases (Hossain & Easa, 2012). While air quality monitoring stations provide some
data, their limited spatial coverage hinders pinpointing hotspots and understanding pollution dynamics (Emon et al., 2025). The
motivation for this study is to provide a comprehensive and reliable assessment of the air quality status and trends in Dhaka
city, which is one of the most densely populated and polluted megacities in the world. Air pollution poses serious health risks
to the residents and contributes to climate change and environmental degradation (Stamp et al., 2020). Therefore, it is important
to understand the spatial distribution and temporal variation of air pollutants and their sources, and to identify the hotspots of
high exposure and potential mitigation strategies(Azevedo De Almeida & Mostafavi, 2016). A high-resolution spatial analysis
of Black Carbon and UFP concentrations can significantly improve our understanding of their sources, dispersion patterns, and
health impacts.

The project objectives include identifying and mapping air pollution hotspots using Black Carbon and UFP concentration data,
analyzing temporal variation over a two-day period, and assessing the significance of hotspots on public health and the
environment. The project involves data processing, GIS-based spatial analysis, and the development of a comprehensive
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understanding of air pollution hotspots in Dhaka City. The findings will provide insights into the spatial and temporal patterns
of Black Carbon and UFP concentrations and identify the locations with the highest concentrations in Dhaka City.
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2  Materials and Methodology

2.1  Study Area

The study area covers the entire urban expanse of Dhaka, with specific attention to areas impacted by heavy vehicular traffic,
industrial zones, and areas with high population density. The city is characterized by a combination of modern infrastructure
and older, densely populated neighborhoods, which contribute to varying pollution levels across different districts.
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Figure 1. Study Area

2.2 Data Collection and Preprocessing

This study adopted a quantitative method to investigate the spatial and temporal variations of black carbon and ultrafine particle
concentrations in Dhaka city. The data were collected by a mobile monitoring system that consisted of a vehicle- mounted
instrument that measured the black carbon and ultrafine particles concentrations using an aethalometer and a condensation
particle counter, respectively, and a GPS receiver that recorded the location and time of the measurements. The data collection
was conducted for two days, from 5 December 2023 and 7 December 2023, covering different areas and traffic conditions in
the city. The data were analyzed using descriptive statistics and spatial interpolation techniques to examine the distribution,
trends, and factors affecting the air pollutants. The quantitative method was chosen because it allowed for a systematic and
objective measurement and comparison of the air quality parameters across different locations and times. The mobile
monitoring system was used because it enabled a high-resolution and continuous sampling of the air pollutants along the road
network, which was not possible with fixed monitoring stations. The methodological choices were aligned with the research
aim of assessing the exposure and health risks of the population to the air pollutants in Dhaka city. A description of the collected
data is provided in Table 1.

The data will be checked for completeness, consistency, accuracy, and outliers, and any errors or missing values will be
corrected or removed. Then the data will be transformed from the original 2-second intervals to 1-minute averages, and then
the data will be visualized using GIS software (ArcGIS), to generate maps of the spatial and temporal distribution of black
carbon and ultrafine particles concentrations in Dhaka city. The data will also be explored using descriptive statistics and
graphical methods, such as, boxplots, Time series analysis, to examine the characteristics and relationships of the variables.
Finally Identify and map air pollution hotspots in Dhaka City.

Table 1: Description of Input Data

Air Pollutant Name Unit Time Period
Black Carbon Microgram/m? 5,7 December
Ultrafine Particles Particle number/ cm? 5,7 December
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2.3 Data Transformation and Interpolation

The collected data, initially recorded at 2-second intervals, underwent transformation to compute 1-minute averages to reduce
noise and enhance clarity. Subsequently, interpolation techniques were applied to fill in any missing data points. Microsoft
Excel was utilized for these transformations and interpolations.

2.4  Data Visualization and Trend Analysis

For visualizing the spatial and temporal distribution of black carbon and ultrafine particles concentrations in Dhaka City,
Geographic Information System (GIS) software, specifically ArcGIS, was employed. This facilitated the generation of maps
illustrating the fluctuation patterns and hotspots of air pollution throughout the city over time.

2.5  Selection of Hotspot

To identify and map air pollution hotspots within Dhaka City, a systematic approach was undertaken. Utilizing the processed
data and GIS tools, hotspots were pinpointed based on the concentrations of black carbon and ultrafine particles. These hotspots
were then mapped to provide a clear understanding of the areas most affected by air pollution.

3 Result and Discussion

The study investigated the spatial and temporal variations of black carbon and ultrafine particle concentrations in Dhaka city.
The mean concentration of black carbon was found to be 27.20 pg/m3, with a standard error of 0.66 pg/m3. On the other hand,
the mean concentration of ultrafine particles was notably higher at 94503.47 particles/cm?, with a standard error of 2433.52
particles/cm3. These findings highlight the significant presence of both pollutants in the air of Dhaka city. The distribution
characteristics of black carbon and ultrafine particles reveal notable differences. While the median concentration of black carbon
was 14.81 pg/ms3, the median concentration of ultrafine particles was substantially higher at 59108.00 particles/cm3. This
indicates a skewness towards higher concentrations for both pollutants, with ultrafine particles exhibiting a more pronounced
skewness. The results indicate that Dhaka city experiences a wide range of black carbon and ultrafine particle concentrations,
with certain areas and times showing extremely high levels of pollution. The high kurtosis and skewness values for black carbon
suggest that extreme pollution events significantly influence the overall distribution, which could be attributed to specific
sources or episodic events. The concentrations of both black carbon and ultrafine particles exceeded health standards in many
areas, posing potential risks to the population's health.

Table 2: Descriptive Statistics of data

Black Carbon Ultrafine Particles
Mean 27.20 94503.47
Standard Error 0.66 2433.52
Median 14.81 59108.00
Mode 11.49 999999.00
Standard Deviation 50.59 185203.54
Sample Variance 2558.89 343003511.23
Kurtosis 102.49 18.07
Skewness 8.41 4.28
Range 936.51 999977.00
Minimum 2.96 22.00
Maximum 912.61 999999.00
Largest 912.61 999999.00
Smallest -23.90 22.00
Confidence Level(95.0%) 1.30 4770.61

The concentrations of both black carbon and ultrafine particles exceeded health standards in many areas, posing potential risks
to the population's health. Ultrafine particles exhibited a wide range of concentrations, with some measurements reaching as
high as 999,999 particles/cm?3, indicating severe pollution levels in certain areas. Such elevated levels of air pollutants
underscore the urgent need for effective mitigation strategies to safeguard public health. The provided map in figure-3 depicts
the spatial distribution of ultrafine particles in Dhaka City, Bangladesh, measured in particle number per cubic centimeter
(particle number/cm3). Large volume areas represent higher concentrations, ranging from 800005 to 999999, and are
concentrated in the city center and southern areas like Dhanmondi, New Market and Lalbagh. Conversely, lighter areas signify
lower concentrations (22 to 2200017) and are primarily observed in the northern parts like Gulshan and Kafrul. It's crucial to
acknowledge the limitations of this data, collected over two days in December 2023, and the potential for seasonal variations.
Additionally, while the map highlights traffic congestion as a potential source of UFPs due to their
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overlap with high-concentration areas, a more comprehensive understanding requires further investigation into specific
sources and effective mitigation strategies.
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Figure 2. Spatial distribution of ultrafine particles (UFPs) and black carbon in Dhaka City

The provided map in figure-2 depicts the spatial distribution of Black Carbon in Dhaka City, Bangladesh. The mobile
monitoring campaign conducted from December 5th and 7th, 2023, successfully collected data on black carbon and ultrafine
particle concentrations across various areas and traffic conditions in Dhaka City. The data will undergo a thorough quality
check, including validation for completeness, consistency, and accuracy. Outliers and missing values will be addressed to ensure
reliable analysis. Following this, the data will be transformed from its original 2-second intervals to 1-minute. This process will
allow for a detailed spatial analysis of air pollutant concentrations across the city. Visualization through GIS software like
ArcGIS will be used to generate maps depicting the spatial and temporal distribution of both black carbon and ultrafine particles.
The black carbon concentration in Dhaka City is highest in the center of the city and tends to decrease as you move outwards.
The areas with the highest concentration of black carbon (shown in blue on the map) include Lalbagh, New Market , Kalabagan.
Finally, based on the spatial analysis, air pollution hotspots within Dhaka City will be identified and mapped. This information
will be crucial for understanding the areas most impacted by air pollution and implementing targeted interventions to improve
air quality and protect public health. It is important to note that this is a preliminary analysis based on the information provided.
Further insights and specific findings will be available upon completion of the data processing and analysis stages.
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Figure 3: Ultrafine particles (UFPs) Concentration time series plot and boxplot
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Figure 4: Black carbon concentration time series plot and boxplot

We can observe several patterns and fluctuations over the time series. The data starts at 13:38:01 with a BC concentration of
7.801 and shows variability, with concentrations ranging from as low as 2.881 to as high as 27.089. Notably, there is a
significant peak at 13:44:01, where the concentration reaches 27.089, suggesting an event that caused a substantial increase in
black carbon levels. The data also exhibits a general increasing trend towards the latter part of the series, starting around
13:42:05 with a concentration of 14.981 and reaching the day’s maximum at 13:44:01. After this peak, there is a decline, but
the levels remain elevated compared to the beginning of the series, indicating that the source of black carbon was still active.
This time series analysis of BC concentrations can provide insights into the emission patterns and potential sources of black
carbon in the area. For instance, the peak at 13:44:01 could be associated with a high-emission event such as increased vehicular
traffic or industrial activity. Understanding these patterns is crucial for developing targeted strategies to reduce air pollution
and mitigate its health impacts. For a more detailed analysis, statistical methods such as moving averages or time series
modeling could be applied to further investigate trends, periodicity, and potential forecasting of future BC levels The time series
data for Ultrafine Particle (UFP) concentrations shows a significant upward trend, starting from a concentration of 17,389 at
13:38:00 and reaching a peak of 267,137 at 13:43:52. This dramatic increase suggests a substantial event or change in conditions
that caused a spike in UFP levels. The data also exhibits periods of relative stability, such as the concentrations hovering around
17,000 to 18,000 between 13:38:00 and 13:38:22, followed by a gradual increase. Notably, there is a sharp rise in concentrations
after 13:40:34, indicating a possible acute release of UFPs into the atmosphere. The extremely high values at 13:43:48 and
13:43:50, both recorded as 999,999, are likely to be anomalies or errors in data recording, as they are followed by a value of
267,137 at 13:43:52, which, while still very high, is significantly lower than the previous two readings. This analysis suggests
that there may be episodic events contributing to the high UFP concentrations, which could be related to traffic patterns,
industrial activities, or other sources of air pollution. ldentifying and mitigating these sources could be crucial for improving
air quality and reducing health risks associated with UFP exposure. For a more detailed analysis, statistical methods and models
could be applied to the data to understand the underlying patterns and potential predictive factors. The study has some
limitations and challenges that need to be acknowledged. First, the data collection was limited to a two-day period, which may
not capture the seasonal and meteorological variations of air pollution. Second, the mobile monitoring system only measured
black carbon and UFPs, which are not the only pollutants of concern in Dhaka city. Third, the spatial analysis did not account
for the effects of land use, topography, and population density on the dispersion and exposure of pollutants. The paper suggests
some directions for future research and recommendations for practice or policy. Future research could extend the data collection
period, include other pollutants such as ozone and nitrogen oxides, and apply more advanced spatial modeling techniques to
account for the factors affecting air pollution. Practice or policy recommendations could include implementing stricter emission
standards, promoting public transportation and alternative fuels, and raising public awareness and education on the health and
environmental impacts of air pollution. By identifying and mapping the air pollution hotspots in Dhaka city, this paper hopes
to contribute to the improvement of air quality and the well-being of the residents and the environment.

4 Conclusion

This paper presents a GIS-based spatial analysis of air pollution hotspots in Dhaka City, Bangladesh, focusing on black carbon
and ultrafine particles (UFPs) concentrations. The study utilized data collected by a mobile monitoring system over a two-day
period in December 2023, covering various areas and traffic conditions in the city. The spatial distribution and temporal
variation of pollutants were analyzed using GIS tools and techniques, revealing higher concentrations of black carbon and UFPs
in the central and southern parts of the city, particularly near traffic squares and areas with heavy industrial activities. The
findings of this study contribute to the literature by providing a high-resolution spatial analysis of air pollutants in Dhaka City,
enabling the identification of areas with high exposure and prioritization of interventions to improve air quality. The spatial
maps generated through GIS visualization highlight the concentration patterns of black carbon and UFPs, emphasizing the
importance of addressing traffic emissions and industrial activities in mitigating air pollution hotspots. However, it's essential
to acknowledge the limitations of the study, including the short duration of data collection, which may not capture seasonal
variations, and the focus solely on black carbon and UFPs, overlooking other pollutants of concern. Additionally, the spatial
analysis did not consider the influence of factors such as land use, topography, and population density on pollution dispersion
and exposure. For future research, extending the data collection period, including additional pollutants, and incorporating
advanced spatial modeling techniques could enhance the understanding of air pollution dynamics in Dhaka City. Moreover,
recommendations for practice or policy could involve implementing stricter emission
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standards, promoting sustainable transportation options, and raising public awareness about the health and environmental
impacts of air pollution. Overall, by identifying and mapping air pollution hotspots, this study aims to support efforts to improve
air quality and safeguard the health and well-being of Dhaka City residents and the environment.

Acknowledgement

We would like to express our sincere gratitude to our course instructor at BUET for their guidance and support
throughout this study. We also appreciate the CAMS (CDA, Agrabad, Chattogram) for providing the air quality
dataset used in the analysis. Special thanks to the Department of Civil Engineering, BUET, for their resources
and encouragement during this research.

References

Azad, K., Sultana, J., & Akter, J. (2005). AIR QUALITY OF DHAKA CITY: A CASE OF VEHICULAR POLLUTION. Khulna
University Studies, 21-24. https://doi.org/10.53808/KUS.2005.1and2.0311-L

Azevedo De Almeida, B., & Mostafavi, A. (2016). Resilience of Infrastructure Systems to Sea-Level Rise in Coastal Areas: Impacts,
Adaptation Measures, and Implementation Challenges. Sustainability, 8(11), 1115. https://doi.org/10.3390/su8111115

Begum, B. A., Biswas, S. K., & Hopke, P. K. (2006). Temporal variations and spatial distribution of ambient PM2.2 and PM10
concentrations in Dhaka, Bangladesh. Science of The Total Environment, 358(1-3), 36-45.
https://doi.org/10.1016/j.scitotenv.2005.05.031

Calori, G. (2013). A GIS based emissions inventory at 1 km x 1 km spatial resolution for air pollution analysis in Delhi, India.
Atmospheric Environment. https://doi.org/10.1016/J. ATMOSENV.2012.10.040

Emon, N. U,, Anik, C. S, Rubel, F. A., Majumder, S. C., Nath, T. K., Karmakar, S., & Baul, T. K. (2025). Assessing atmospheric
particulate matters and their removal potential through roadside trees in Chattogram city, Bangladesh. Atmospheric
Pollution Research, 16(7), 102535. https://doi.org/10.1016/j.apr.2025.102535

FVM-RANS Modeling of Air Pollutants Dispersion and Traffic Emission in Dhaka City on a Suburb Scale. (n.d.). Retrieved August
21, 2025, from https://www.mdpi.com/2071-1050/15/1/673

Hossain, K. M. A., & Easa, S. M. (2012). Pollutant dispersion characteristics in Dhaka city, Bangladesh. Asia-Pacific Journal of
Atmospheric Sciences, 48(1), 35-41. https://doi.org/10.1007/s13143-012-0004-8

Mendez-Espinosa, J. F., Rojas, N. Y., Vargas, J., Pachén, J. E., Belalcazar, L. C., & Ramirez, O. (2020). Air quality variations in
Northern South America during the COVID-19 lockdown. Science of The Total Environment, 749, 141621.
https://doi.org/10.1016/j.scitotenv.2020.141621

Rahaman, S. N., Nelson, J., Ali, A. A. B., Shermin, N., Pricope, N. G., Al Kafy, A., Sabuj, M. S., & Toa, S. S. (2025). A Multivariate
Geostatistical Framework to Assess the Spatio-Temporal Dynamics of Air Pollution and Land Surface Temperature in
Bangladesh. Earth Systems and Environment, 9(1), 71-91. https://doi.org/10.1007/s41748-024-00418-9

Spatial variation of air quality index and urban driving factors linkages: Evidence from Chinese cities | Environmental Science and
Pollution Research. (n.d.). Retrieved August 11, 2025, from https:/link.springer.com/article/10.1007/s11356-016-8181-0

Stamp, S., Burman, E., Shrubsole, C., Chatzidiakou, L., Mumovic, D., & Davies, M. (2020). Long-term, continuous air quality
monitoring in a cross-sectional study of three UK non-domestic buildings. Building and Environment, 180, 107071.

https://doi.org/10.1016/j.buildenv.2020.107071

2035



