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Abstract

Airborne particulate matter was monitored in Rajshahi city, Bangladesh, focusing on five specific
locations during 2022 and 2023. Data collection covered both the dry and wet seasons. According
to Bangladesh’s Air Pollution Control guidelines, the annual average concentration of PM,
should remain below 35 pg/m3, and the daily average should not exceed 65 pg/m3. Additionally,
the daily average for PM, ; should remain below 50 pg/m? and 150 ug/m?, respectively. However,
during the study period, PM, . concentrations were notably higher in all selected areas during
the dry season. The peak PM, . concentration measured was 97 pg/m? at Talaimari in November
2023. Likewise, PM, levels peaked at 246 pg/m? during the same month. Both PM, , and PM, |
concentrations exceeded the limits set by the BAPCR 2022, indicating significant air pollution
in Rajshahi. The elevated levels of these particulates pose serious risks to public health. The
research also noted unregulated construction activities and a reduction in water bodies within
the city. Consequently, strict enforcement of BAPCR 2022 and the Environmental Conservation

Environmental pollution

Rules 2023 is crucial to mitigating the issue.
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1. Introduction

Several major cities in Bangladesh have been experiencing
increasing air pollution over the past few years, and
Rajshahi is one of them. According to the US AQI, air
quality in Rajshahi ranged from moderate to high during
the dry season, with PM,, identified as the primary
pollutant. As one of the divisional cities of Bangladesh,
Rajshahi has undergone rapid urban development driven
by uncontrolled construction activities, motor vehicle
emissions, and other human-related activities. This rapid
increase in population density has led to significant
atmospheric and environmental pollution.

In India, the main contributors to ambient particulate
matter (PM) pollution are the burning of biomass
for residential and commercial purposes, industrial
emissions, and construction activities (1). Fine dust
concentration in ambient air is influenced by emission
changes across Asia (2). Considering the health effects of
PM, . on human beings, China has implemented policy
measures aimed at reducing its levels (3).

Air pollution is now recognized as one of the most
serious threats to human well-being globally. It

contributes to life-threatening conditions such as lung
cancer, heart disease, strokes, and both acute and chronic
respiratory illnesses, including asthma. Effective control
of air pollution can significantly reduce the prevalence
of these diseases. Today, air pollution is a major cause
of premature mortality and is regarded as the leading
environmental health threat worldwide (4).

In a low-income country like Bangladesh, ambient air
pollution remains a significant environmental health
issue, especially due to unregulated industrial activities.
It is also a major concern in middle and high-income
countries. PM is widely recognized as an important
measure of air pollution, with fine particulate matter
(PM,,) being particularly detrimental to human health.
Numerous studies have demonstrated that exposure to
PM, . negatively impacts health. Even at low exposure
levels, PM, , is associated with a range of serious health
effects. PM, _ refers to particles with diameters less than
2.5 microns, whereas coarse particulate matter (PM,)
includes particles with diameters ranging from 2.5 to 10
microns.

Air pollution, resulting from particulates, chemicals,
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or biological substances, leads to human discomfort,
illness, and can even result in loss of life (5). It adversely
affects not only human health and but also other living
organisms, including food crops, and causes damage to
both natural and built environments. Furthermore, it
plays a significant role in altering biodiversity. Factors
such as unplanned construction, brick kilns, factories,
outdated and unfit vehicles, and improper solid waste
disposal contribute substantial amounts of pollutants to
the atmosphere daily.

In 2020, the Sustainable Development Goals (SDGs) set
by the World Health Organization (WHO) for household
energy emphasized the need to reduce deaths and
illnesses caused by air pollution. Air pollution, especially
in metropolitan regions, is a complex and evolving issue
due to multiple simultaneous factors, with pollutant
levels fluctuating significantly across different locations
and time periods (6). The negative health effects of air
pollution have been increasingly documented in India
(7). In recent years, a number of studies have provided
evidence regarding links between a range of diseases
and exposure to PM, . along with its toxic components.
These fine particulates can lead to various negative
health effects in humans because they contain organic
substances such as polycyclic aromatic hydrocarbons
(PAHs) and inorganic elements such as heavy metals,
which contribute to various health diseases, including
respiratory symptoms, decreased lung function, and
the like (8-12). Epidemiological studies over the last
decade demonstrated that climate change exacerbates
air pollution, thereby increasing the risk of death due to
respiratory and cardiovascular diseases (13-18).

Given the environmental challenges in Bangladesh and
the rapid pace of unplanned urbanization, numerous
studies have been conducted on air pollution. One such
study focused on air pollution in Dhaka during the
winter of 1995-1996 (19). Bangladesh introduced its most
recent legislation on air pollution in 2022 (20), titled
the Bangladesh Air Pollution Control Rules (BAPCR).
According to BAPCR 2022 (S.R.O. 255-law/2022), the
average concentration of PM, , in ambient air should not
exceed 35 pg/m’ annually and 65 pg/m® daily. Similarly,
the annual and daily limits for PM  should remain below
50 ug/m® and 150 pug/m’, respectively.

In recent years, air pollution has turned into a critical
environmental issue in Bangladesh. As with many
other cities, Rajshahi City Corporation is particularly
concerned about elevated PM,, concentrations. This
study monitored PM,, and PM, concentrations during
the dry and wet seasons of 2022 and 2023. Fig. 1 displays
a map of Rajshahi City Corporation, located along the
banks of the Padma River.

The primary focus of this two-year study was to evaluate
dust particle concentrations in the air at selected sites
within the Rajshahi City Corporation. In Bangladesh, the
dry season typically spans from November through March,
while the wet season extends from April to October. On

average, Bangladesh experiences approximately 2200 mm
of rainfall annually. Therefore, sampling during the dry
season was conducted at the end of the dry season (March
2022) and the beginning of the dry season (November
2023). Similarly, the sampling period for the wet season
was conducted in August 2022, and in April 2023,
marking the peak period and the beginning of the rainy
season. Maximum rainfall typically occurs in July and
August in Bangladesh.

Massive road construction projects were underway
across the city during the study period, contributing to
a visibly significant amount of dust levels, particularly
during the dry season. Therefore, three out of four
sampling periods were selected to represent the beginning
and end of the dry season and the beginning of the wet
season. Another sampling period, the peak of the wet
season, was included to evaluate the impact of heavy
rainfall on PM in ambient air.

In this context, the research aimed to assess the PM, ,
and PM,, concentrations in selected locations. The
findings of this study can provide valuable insights for
developing effective strategies to reduce dust levels across
Bangladesh. Rapid and unregulated urban expansion
plays a major role in deteriorating air quality, especially in
fast-growing cities. Addressing this challenge requires the
implementation of robust urban planning policies with a
strong emphasis on environmental protection.

2. Methods

The primary objectives of this research were to assess the
levels of PM,, and PM at five specific sites in Rajshahi
and to explore potential sources of dust-related air
pollution. To gather reliable information on air quality
in urban settings, a comprehensive literature review was
conducted in alignment with the research objectives.
For measuring PM, . and PM, levels, a digital dust level
meter, a commonly used device, was employed. Data were
collected at each location over three hours, with readings
taken every 30 minutes, culminating in the computation
of the daily average for each site. The Dust particle meter
SR-516 (Serial No. 02020299) was utilized for this study.
Prior to each round of data collection, this device was
verified against another dust particle sampler to ensure
the accuracy and reliability of the measurements. A
photograph of the dust particle counter is presented in
Fig. 2.

The study was conducted in five important regions of
Rajshahi City Corporation, one of the oldest and most
prominent divisional cities in Bangladesh, founded in
1772 (21). The five sampling locations included: Talaimari
(AQ1), Railgate (AQ2), BSCIC (AQ3), Laxmipur (AQ4),
and Zero Point Shaheb Bazar (AQS5). Rajshahi lacks
significant industrial zones; therefore, dust pollution
primarily originates from unregulated construction sites.
At the time of this study, construction activities were
underway in the Talaimari and Railgate areas. The BSCIC
zone represents an industrial region within the city, while
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Fig. 1. Map of Rajshahi City Corporation (Courtesy: Google)

Fig. 2. Dust Particle Counter

Laxmipur serves as a medical hub, and Zero Point Shaheb
Bazar is a key commercial center. The GPS coordinates of
these selected locations are listed in Table 1.

Fig. 3 illustrates all the chosen locations for assessing air
quality within Rajshabhi city.

To examine seasonal variations in air quality, PM, , and
PM, concentrations were measured at all five locations
during both the dry and wet seasons in 2022 and 2023.
In Bangladesh, the dry season generally spans from
November to March, with PM, . and PM,  measurements
in these months representing the period. Conversely, the
wet season lasts from April to October, with data collected
in April and August. This study analyzed data from only
four specific months, with 30-minute data collection
sessions conducted at each site. The methodology was
designed to evaluate the air quality conditions in the
selected sites of Rajshahi across two distinct seasons over
a two-year period, ensuring that the data gathered were

Table 1. Selected Sites for Air Quality Assessment with Corresponding GPS
Coordinates

SN Locations GPS Coordinates

1 AQ 1 24°21'42.35"N 88°37'37.41"E
2 AQ 2 24°22'28.76"N 88736'15.14"E
3 AQ 3 24°23'15.97"N 8836'12.41"E
4 AQ 4 24°22'18.83"N 88'34'57.03"E
5 AQ 5 24°21'55.20"N 88'36'0.58"E

Note. AQ1: Talaimari; AQ2: Railgate; AQ3: BSCIC; AQ4: Laxmipur; AQ5:
Zero Point Shaheb Bazar.

reliable and accurately reflected dust levels in the region.
A digital dust level meter was employed for in situ data
collection.

Both qualitative and quantitative data were used in this
study. Quantitative data were analyzed using statistical
methods to compare particulate concentrations against
the Bangladesh government’s air quality standards and
to evaluate seasonal variations in dry and wet seasons.
Descriptive statistics analysis was used to identify
significant differences and relationships among the
variables. Meanwhile, qualitative data obtained through
interviews were thematically analyzed to identify the
causes of pollution.

3. Results and Discussion

Air quality evaluations in Rajshahi were conducted in
March 2022, August 2022, April 2023, and November
2023, covering both dry and wet seasons to assess the levels
of PM,  and PM, . These measurements reflect the levels
of dust in the air over the two-year study period. Levels of
both fine and coarse particulate matter (PM,, and PM, )
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eye alt” 446 km

Fig. 3. Air Quality Sampling Locations (Courtesy Google)

were recorded at five selected locations, labeled AQ1 to
AQ5, during daytime hours. AQ1 was located less than
100 meters from the perimeter of Rajshahi University of
Engineering and Technology. AQ2 was located in a busy
area known as Bindur Mor. AQ3 was within the BSCIC
area, near the Sopura Silk Factory. AQ4 was situated in
Laxmipur, where several private hospitals are located
within a 100-meter radius. Lastly, AQ5 was positioned
at Zero Point Shaheb Bazar, one of the busiest areas in
Rajshahi. The concentrations of PM, , and PM | measured
at all locations are presented in Figs. 4 and 5.

According to Fig. 4, PM,, concentrations at AQ1, AQ2,
and AQ4 exceeded the Bangladesh Air Quality Standard
in March 2022. In contrast, levels at AQ3 and AQ5 were
slightly below the standard. The maximum concentration
recorded was 76 pug/m® at AQI in March 2022, followed
by 73 ug/m® at AQ2, 56 pug/m’ at AQ3, 71 pug/m’ at AQ4,
and 55 pg/m® at AQ5. The daily average standard for
PM, . in the air, as set by Bangladesh, is 65 ug/m°.

The second measurement was conducted in August
2022 during the wet season, which coincided with rainy
conditions during measurement time in August 2022.
Therefore, PM, , concentrations of all selected locations
were well below the Bangladesh Air Quality Standard
2022, ranging from 35 pg/m’ to 41 pg/m’ across all
selected locations.

The third measurement, in April 2023, indicated
increased PM, . concentration at all locations compared
to the previous data. The highest concentration was
recorded at AQ1 (85 ug/m’®), followed by AQ2 (84 pg/m?),

AQ4 (80 pg/m?), AQ3 (68 pg/m?*), and AQ5 (66 pg/m?).

The final measurement in November 2023, during the
dry season, revealed alarmingly high PM, , concentrations
across all selected locations. The highest concentration of
PM, , was 97 ug/m’ at location AQ]1, followed by 93 pg/m?
at location AQ2, 76 pg/m® at location AQ3, 94 ug/m’ at
location AQ4, and 88 pg/m® at location AQ5.

It is observed that air dust levels were significantly
lower during the rainy season. Throughout the study
period, ongoing construction activities were observed,
with road and building projects at location AQ1 and road
construction specifically at location AQ2. Construction
sites are recognized for releasing a variety of pollutants
into the air (22), originating from heavy machinery,
vehicles, material handling, and construction activities
themselves (23). Road construction and demolition work
often generates significant dust, primarily due to the
disruption of soil and aggregates (24).

The PM,, concentrations in Rajshahi city’s air are
illustrated in Fig. 5. The Bangladesh Air Quality Standard
for PM,  is 150 pug/m?* (daily average). PM,  concentrations
were measured in March 2022, August 2022, April 2023,
and November 2023. The results revealed that PM  levels
at all selected locations remained within the acceptable
limits during March 2022, August 2022, and April 2023.
In March 2022, concentrations varied between 66 pg/m?
and 85 pg/m?, while in August 2022, they were between
42 pg/m® and 49 pg/m’. In April 2023, concentrations
ranged from 96 pg/m* to 127 pg/m’. However, PM A
concentrations rose significantly in November 2023, with
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the highest concentration recorded at AQ1 (246 pg/m?),
followed by AQ2 (231 pg/m?), AQ4 (229 pg/m?), AQ5
(225 pg/m®), and AQ3 (222 pg/m?).

Dust emissions from activities such as excavation,
demolition, and material handling are key contributors
to PM, and PM,, (25). Similar to PM, ,, PM,  levels are
impacted by traffic emissions, industrial operations,
and dust generated from construction activities. During
the dry season, reduced rainfall and higher wind speeds
can elevate pollutant levels, especially PM, as dust is
resuspended into the atmosphere (26). The proximity
of construction activities within one kilometer of the
monitoring site likely contributed to the increased
pollutant levels.

A considerable amount of PM, , was detected during this
study. PM, , poses serious risks to both the environment
and human health. Numerous studies have highlighted
the detrimental effects of PM,, on health due to its
composition, which includes various toxic metals such
as lead, iron, chromium, copper, aluminum, and nickel
(27-29). PM, particularly PM, , can deeply penetrate the
respiratory system, leading to inflammation, worsening
asthma and other respiratory conditions, and heightening
the risk of cardiovascular issues such as heart attacks and
strokes (30).

Throughout the study period, qualitative data were
gathered through public interviews, which revealed
several key observations, including ongoing construction
activities, a reduction in water bodies, and widespread tree
removal. Infrastructure projects, such as roads, massive
structures, railways, and bridges, have contributed to
environmental degradation, increased dust pollution, and
the displacement of local communities due to insufficient
safety measures and weak environmental regulations (31).
Road construction projects significantly contribute to air
pollutants, especially PM, during the dry season (32).

During this study, significant road constructions
were underway in the Talaimari and Railgate areas.
Correspondingly, a high amount of PM,_ and PM, was
recorded during the dry season. The highest level of
PM, reached 97 pg/m?® in November 2023, while PM,
peaked at 246 ug/m® during the same time. Additionally,
heavy vehicle traffic was observed in both the Railgate
and Laxmipur regions. In recent years, Rajshahi city has
experienced extensive tree removal and growing water
scarcity issues, particularly related to the Padma River. Due
to the Farakka Barrage in India, the Padma River is drying
up progressively, posing a serious threat to the region’s
biodiversity. Furthermore, several ponds have been filled
in for land development and building construction. These
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activities, especially uncontrolled construction activities,
are among the major causes of air pollution in Rajshahi.
A study on air pollution in Andimshek, Iran, noted that
its air quality is influenced by proximity to Khuzestan
Province, which borders Iraq and Saudi Arabia, regions
characterized by their dry climates and frequent dust
storms (33).

It is worth noting that the monthly average rainfall in
Rajshahi was 127 mm in 2019, whereas the long-term
monthly average (normal) rainfall for the period 1981-
2010 was 121 mm. During this same reference period, the
standard minimum and maximum normal temperatures
in Rajshahi were 20.5 ‘C and 31.2 °C, respectively (34).
These findings provided valuable insights for future
initiatives and offered direction on various environmental
factors influencing knowledge, attitudes, and behaviors.
In addition to environmental pollution, residents in
this region are at greater risk of developing lung-related
diseases, including cancer and respiratory tract infections,
due to significant exposure to PM, _, a pollutant composed
of suspended particles containing various harmful
chemical substances.

4. Conclusion

Rajshahi is widely recognized as an educational hub,
with a population growing rapidly. During the study
period, extensive road and building construction projects
were underway across the city, including the Rajshahi-
Naogan Road and roads near RUET and the University
of Rajshahi. Unfortunately, many trees were removed
for aesthetic purposes, and several ponds were filled to
facilitate the construction of buildings and markets. The
elevated concentrations of PM, , pose a serious threat to
public health, as PM, , is known to be more harmful than
thelarger PM, particles. The tiny particles in the PM, , can
penetrate deep into the respiratory system and reach the
lungs, resulting in a range of health problems, including
throat, lung, nose, and eye irritation, as well as symptoms
such as runny nose, coughing, sneezing, and difficulty
breathing. In developing countries, the health effects of
PM, . on health are increasingly alarming and represent
a significant global health concern. Thus, it is essential
to effectively regulate unplanned urban development.
Rajshahi City Corporation should prioritize sustainable
urban planning over superficial beautification efforts.
High concentrations of airborne dust were found near
construction sites. Construction activities are required to
strictly adhere to the BAPCR 2022 guidelines to reduce
air pollution. The effective implementation of both the
BAPCR 2022 and the Environmental Conservation Rules
2023 is essential for controlling urban air pollution.
Incorporating green belts and designated buffer zones
into city planning can significantly improve air quality
and promote healthier urban environments.
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