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Abstract

Chattogram, like many rapidly urbanizing South Asian cities, is transitioning its public housing from low-rise to
high-rise developments, raising critical concerns about environmental performance and public health. This study
examines three government housing colonies in the Agrabad area: the renovated high-rise CGS Colony and two
traditional low-rise colonies- Bohutola and Gazetted Officers Colonies. PM..s concentrations were monitored at
varying times and building heights, influenced by their closeness to adjacent roads. Comparisons were made with
Bangladesh National Ambient Air Quality Standards (BNAAQS; PM..s = 65 pg/m3) and World Health
Organization (WHQ) guidelines (PM..s = 25 pg/m3). While CGS Colony PM..s concentrations were within
BNAAQS, they exceeded WHO levels but were consistently lower than in low-rise colonies. In contrast, the two
low-rise areas regularly surpassed both standards due to poor ventilation, older infrastructure, and road adjacency.
Health surveys revealed that citizens in the CGS Colony reported 25-65% reduction in respiratory illnesses.
Statistical clustering also revealed higher PM-.s exposure during winter, less pollution on higher floors and on units
not facing roads. This reveals how building height, urban design, and spatial planning can significantly improve
air quality and public health in tropical cities such as Chattogram.

Keywords: Particulate Matter (PM-.s ); Air Quality; Respiratory Health; Urban Redevelopment; Statistical
clustering.

1 Introduction

PM..s pollution is a major environmental concern throughout South Asia, and it has been greatly influenced by
Bangladesh's fast urbanization. With an average annual PM..s concentration of 79.9 pg/m3 in 2023, the nation
significantly exceeded both the WHO and the national standard (Nesan , et al., 2025) Similar issues are present in
Chattogram, the main port and industrial hub of the country, as a result of growing traffic pollution, industrial
discharges, and inadequate urban (Alam, et al., n.d.) Chattogram's built-up area increased quickly between 1990
and 2020, lowering water bodies from 11% to 5.77% and vegetation cover from 26.31% to 10.28% (Akter &
Haider, 2023)Pollution hazards have increased as a result of this urban growth, a shrinking green belt (Hasan &
Haider, 2023) Temperature inversion and stagnant air cause PM-..s concentrations and AQI values to peak
throughout the winter, according to air quality monitoring data from the CASE project's Khulshi and Agrabad
stations ( Hoque, et al., 2022)Additionally, according ( Majumder, et al., 2020), Chattogram's yearly PM..s levels
are 5-6 times higher than the national safety criteria.

City dwellers have expressed discontent with the deteriorating urban environment ( Majumder, et al., 2010)Many
of the low-rise, old government-provided housing colonies in Chattogram have had slow structural deterioration,
making some units unusable ( Hasan & Risaduzzaman, 2016). Research indicates that while older conventional
buildings perform poorly in case of controlling indoor air quality, newer high-rise housing with better design and
ventilation tends to have lower pollutant concentrations (Colton, et al., 2014)

By analyzing three different public housing colonies in Agrabad—the low-rise Gazetted Officers' and Bohutola
Colonies and the modern high-rise portion of CGS Colony—the study aims to (i) determine how building design,
urban layout, and road proximity affect PM2.s exposure (ii) compare observed concentrations to BNAAQS (PMaz.s
=65 pug/m?) and WHO (PM2.s = 25 ug/m?) guidelines for connecting exposure patterns with resident health; and
(iii) provide a monitoring framework to inform evidence-based housing layout for future planning.
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2 Methodology

The air quality and associated health effects in three specific public housing colonies in Chattogram the high-rise
CGS Colony, the low-rise Bohutola Colony, and the Gazetted Officers’ Colony were assessed using a mixed-
methods approach that combined environmental monitoring, health surveys, and spatial analysis.

2.1 Site Selection
Three study sites were chosen based on structural typology within close proximity, located in Agrabad's colony-
centric area, with 11 colonies within a 1700-ft radius, as shown in Figure 1(a).
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Figure 1. Colony-centric area of Agrabad with marked selected three colonies and
site layout of the high-rise portion of the C.G.S colony
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Figure 2. Site Layout of the new portion of C.G.S colony and Gazetted Officers’ Colony
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Of these, a newly constructed high-rise colony and two old fabric-styled colonies were chosen and marked in
Figure 1(a) to carry out the PM..s data collection procedure in order to determine the influencing factors. The site
position and residential buildings of the recently constructed high-rise section of C.G.S. colony are shown in Figure
1(b). The site diagram and residential building annotation for the two low-rise colonies, Gazetted Officers' Colony
and Bohutola Colony, are displayed in Figures 2(a) and 2(b), respectively. Table 1 thereafter displays a
demographic comparison of the three chosen colonies.

2435



Maumita Adhikary, Nowrin Mostafa, Jushan Abdullah, Mir Tawsif Sultan, Md. Sadat Hussain
ICCEI 2025

Table 1. Comparison of Selected Public Housing Colonies in Chattogram

Colony Typology  Site Location No. of Total Population Road Layout
& Building Area (Lat, Long) Buildings Units Density

Height (acres) (people/acre)
CGS High-rise 6.16 22.326062, 9 684 450 Well-planned

(20 storey) 91.806486 grid road
Gazetted  Low-rise 1.96 22.322417, 2 36 81 Circular loop
Officers’ (3 storey) 91.810347 around buildings
Bohutola Low-rise (3 10.0 22.320607, 26 422 192 Dead-end

to 4 storey) 91.806741 branches off

main axis

2.2 Environmental Monitoring

Temtop M2000C Air Quality Meter for PM..s, PMy, Carbon Dioxide was used to record real-time PMa.s
concentrations during February to May, capturing seasonal fluctuations. Readings were taken indoors and
outdoors, at different building levels, and locations based on distance from the secondary road.

Table 2. Monthly Indoor and Outdoor PM:.s Levels by Location and Distance from Road

Colony Distance from Month Indoor mean Outdoor mean  Mean
road (m)

Bohutola 36 Feb-25 100.30 106.73 103.52
Mar-25 82.93 89.23 86.08
Apr-25 65.50 71.73 68.62
May-25 48.47 59.97 54.22

Gazetted Officers' 80 Feb-25 77.08 82.68 79.88
Mar-25 62.78 67.78 65.28
Apr-25 46.50 52.87 49.68
May-25 35.07 43.03 39.05

CGS Roadside 36 Feb-25 44.70 49.73 47.22
Mar-25 45.20 50.23 47.72
Apr-25 45.70 50.73 48.22
May-25 46.20 51.23 48.72

CGS Inner Zone 117 Feb-25 24.80 28.47 26.63
Mar-25 25.30 28.97 27.13
Apr-25 25.80 29.47 27.63
May-25 26.30 29.97 28.13

2.3 Data Analysis

The dataset was analyzed using a categorical data analysis method, and multidimensional data visualization. The
mean, and standard deviation of each of the categories of data were computed using the “dplyr” package of R, and
the “ggplot” package was used to create the data visualization figures.

3 Result & Discussion

3.1 Comparison with Standard

Figure 3 shows monthly PM..s concentrations at four residential colony zones: Bohutola, Gazetted Officers’, CGS
Roadside, and CGS Inner Zone. The steep downward trend during February to May at all sites indicates the
seasonally improved air quality. Bohutola consistently has the highest PM..s levels, exceeding WHO and BNAQS
standards in February and March. Gazetted Officers’ and CGS Roadside colonies maintain moderate
concentrations, while CGS Inner Zone shows the lowest levels remaining below the standards by May.

The overall downtrend in PM..s is related to seasonal meteorology and lower particle accumulation during the pre-
monsoon season. The results highlight the fact that location as well as seasonal variations have a significant impact
on residential exposure to PM:.s in the area.
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Figure 3. Monthly PM..s concentrations (Feb—May) at four sites: Bahutola colony, Gazetted Officers’ Colony,

C.G.S colony (roadside),C.G.S colony (inner zone), compared with national and international air quality
standards.

3.2 Indoor and Outdoor PM..s Trends Across Different Times of the Day
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Figure 4. Relation Between the Indoor and Outdoor PMa.s of different colonies at different times.

The Figure 4. illustrates the relationship between the indoor and outdoor PM-.s , measured at different times. For
all the colonies, the measured PM..s shows a positive trend.
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Figure 5. Distribution of Indoor and Outdoor PM..s at different colonies

Figure 5 illustrates the distribution of indoor and outdoor PM..s concentrations measured across various colonies.
The dataset shows that the outdoor PM..s is consistently greater than the indoor one. Bohutola has the highest
indoor and outdoor PM..s measurements among all colonies. PM..s levels are recorded indoors at 74.3 pg/m?3 with
a standard deviation of 21 pg/m? and outdoors at 81.9 pg/m3 with a standard deviation of 19.8 pug/m3. With a mean
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indoor PM..s of 55.4 pg/m?3 and an outdoor PM..s of 61.6 pg/m?3, with standard deviations of 19 pg/m3 and 18.1
pg/ma, respectively, Gazetted Officers' colony closely follows Bohutola colony.

PM..s levels are lower in the CGS colony, with roadside indoor and outdoor readings of 45.4+2.09 pg/m?® and
50.5+2.30 pg/m?, respectively. The roadside houses’ readings for CGS colony are comparatively lower than the
others as the particulate concentrations were found lower with increasing high-rise floor levels and there was
presence of green buffer as well. For CGS’s inner zone, the particulate levels get the lowest, with indoor and
outdoor values of 25.6 +£3.29 pg/m? and 29.2 + 3.59 pg/m?.
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Figure 6. Distribution of Indoor and Outdoor PM..s at different times

Figure 6 illustrates the PM..s distribution indoors and outdoors during morning, noon, and afternoon. Levels are
lowest at noon (indoors: 45.8 +19.7 pg/m?; outdoors: 51.1+19.8 ug/m?) and highest in the afternoon (indoors:

54.2+24.1 pg/m?; outdoors: 60.9 = 25 ng/m?). Morning levels were moderately high (indoors: 50.5 +24.2 pg/m3;
outdoors: 55.4+25.1 pg/m?).
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Figure 7. Distribution of Indoor and Outdoor PM..s as per the distance from the Road

The distribution of PMa.s, in terms of distance from the closest road, is presented in the Figure 7 for indoor and
outdoor readings. The air quality closest to the houses was tested at three different distances from the house, i.e.,
36, 80, and 117 meters. As would be clear, the closest houses, which are 36 meters away, record the highest
concentration of PMa.s, both indoors and outside. PM.s levels are measured outside at 66.2 pg/m3 with a standard
deviation of 21.2 pg/m? and inside at 59.9 pg/m3 with a standard deviation of 20.7 pg/ms3. Houses within an 80-
meter range had comparable air quality measurements to the houses within a 36-meter range. PM..s measurements
were 55.4 pg/m3 inside with a standard deviation of 19 ug/m?3 and 61.6 pug/ms3 outside with a standard deviation of
18.1 ng/m?. Both indoor and outdoor PM2.s were lowest in houses that were furthest away from the road. Indoor
PMo2.s was 25.6 ng/m?® with a standard deviation of 3.29 pug/m?® and outdoor PM2.s was 29.2 ng/m?® with a standard
deviation of 3.59 pg/ms.

Throughout the monitoring period, the recorded PM=.s concentrations in the majority of low-rise housing locations
(particularly the Bohutola and Gazetted Officers’ colonies) continuously surpassed the BNAAQS (65 ng/m?) and
WHO guidelines (25 pg/m?). Only the inner zone of the high-rise CGS Colony met both requirements by May,
highlighting the high-rise's advantageous green buffer, location and design for air quality.
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The pattern of elevated PM2.5 levels is concerning as it could potentially increase respiratory health risks for
residents as the exposure to PM2.5-containing chemical compounds in the air may cause unbalanced intracellular
functions, mutations, carcinogenesis, and multiple respiratory diseases (Sangkham et al., 2024). Although resident
health outcomes were not monitored in this investigation, the negative consequences of prolonged exposure to PMa
are widely known. In order to identify new health implications in these populations, future monitoring initiatives
should incorporate health assessments such as clinical screenings or respiratory symptom surveys. According to
these findings, better urban planning can reduce PM.. As a result, we must rethink the colony buildings to be green
structures with a real green buffer from the streets while constructing the city.

4 Conclusion

The study reveals that higher PM. concentrations are caused by poor structural planning and inappropriate spatial
organization in Chattogram's older residential colonies, particularly in areas near important roadways such as
Bohutola. Due to meteorological dispersion, the pre-monsoon months display a short improvement, illustrating
how exposure is further modified by seasonality. Building design and site context have a significant impact on
residential interior air quality, as evidenced by the gradient with increasing distance from highways and the
continuous inside-outdoor difference in PM. concentrations.

Building orientation, elevation, and plan layout optimization should be given top priority in redevelopment
schemes to address these findings. Additionally, vegetative buffer zones should be included, and passive
ventilation combined with filtration systems should be adopted. Particulate penetration can also be significantly
minimized by the implementation of planning prerequisites for setbacks, open-space ratios, and on-site dust-control
devices.

This study's limitations, however, are its modest dataset and the absence of continuous year-round monitoring to
adequately analyze seasonal and 24-hour fluctuation. To improve the relationship between exposure and
respiratory outcomes, future studies should integrate resident health assessments, dispersion modeling, and a
longer time frame. Despite these constraints, the results provide a replicable framework for monitoring air quality,
which can lead policymakers in creating cleaner, healthier, and more sustainable urban living spaces and inform
evidence-based housing design.
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