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Abstract

The rapid pace of urbanization and air pollution have become a pressing global concern, particularly in densely
populated urban centers. Due to its significant impact on public health, air quality should be prioritized over other
environmental measures. This study investigates the seasonal variations in air quality and the Air Quality Index (AQI)
in Chattogram, the commercial capital of Bangladesh, known for its high population density and industrial
significance. Using data from the Continuous Air Quality Monitoring Station (CAMS) at Agrabad, this study analyzed
particulate matter (PM10, PM2.5) and gaseous pollutants (SO2, NO2) over three years (2019, 2021, and 2022). Results
indicate that during the monsoon season (April-October), PM10 and PM2.5 levels were within the National Ambient
Air Quality Standard (NAAQS) limits. Still, these pollutants increased alarmingly during the non-monsoon period
(November-March). The highest PM2.5 concentration reached 719.5 pg/m® in January 2022, while PM10 levels
peaked at 367 pg/m? during the same period. Gaseous pollutants such as SO2 and NO2 remained within permissible
limits throughout the year. The AQI analysis revealed an average value of 191.4 in 2022, categorizing the air quality
as unhealthy. These findings underscore the urgent need for policy interventions targeting particulate matter reduction,
particularly during non-monsoon months, to safeguard public health in Chattogram.
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1 Introduction

Recent studies on Chattogram, Bangladesh, reveal significant climate trends and environmental challenges. The city
experiences a tropical wet and dry climate with increasing temperatures and rainfall variability (Masum et al., 2022;
Pervin & Khan, 2022). Climate models project rising temperatures and more extreme rainfall events, potentially
exacerbating water scarcity in pre-monsoon and waterlogging during monsoon seasons (Pervin et al., 2025) Analysis
of historical data shows an upward trend in warm days and nights, with a decrease in cold days and nights (Pervin &
Khan, 2022). The Karnaphuli River, which flows through Chattogram into the Bay of Bengal, faces microplastic
pollution, with concentrations varying seasonally (Fatema et al., 2022). These climate and environmental changes
pose significant challenges for the city's water management and overall sustainability, highlighting the need for
adaptive strategies to address future hydroclimatic issues in this important port city. During the monsoon season, which
lasts from May to September, over 80% of the rain falls. The summer winds are often out of the southeast. During the winter,
easterly and northeasterly winds prevail. It is one of the country's most densely populated cities and faces a high level of air
pollution. The high influx of people from rural areas, emissions from various kinds of diesel vehicles and poorly maintained
automobiles, biomass/coal burning for cooking and in the brick kilns, a huge number of constructions works, re-suspended road
dust, etc. is making Chattogram one of the most polluted cities in the country. Not much research has been done on the air quality
of Chattogram, but the air quality of the city is comparable to the capital city Dhaka, where, according to a recent World Bank
Report, it has been estimated every year, around 10,800 premature deaths, along with several million cases of illness, are caused
by air pollution. Norwegian Institute of Air Research (NILU) conducted some research on the air quality of Chattogram City.
Atmospheric pollution in urban areas is a significant issue in many developing countries around the world. It is well recognized
that air pollution has hazardous effects on human health causing respiratory diseases. Sulfur dioxide (SO2) and nitrogen dioxide
(NO2) are important primary pollutants in the ambient air because of their adverse effects on human health and vegetation,
contributions to the acidification of the environment, and the role of oxides of nitrogen (NO2) in the formation of photochemical
oxidants. NO2 contributes to the buildup of tropospheric ozone (O3) and to the lifetime of greenhouse gases [10] and thus is also
a key species for global warming. Natural and anthropogenic activities can generate particulate air pollution. Anthropogenic sources
can be stationary and mobile. It has been estimated in many countries that traffic-related emissions constitute more than 50% of
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the total particulate air pollution. Chattogram (latitude 22.22N, longitude 91.47E) is the largest port in Bangladesh and is heavily
trafficked, especially in the central city area covering about 10 km2. The leading road network in the city goes toward the port area
and northward toward the industrial areas. These roads are also heavily trafficked, with persistent traffic jams most of the day.
Trucks transporting goods between the port and the industrial areas constitute a significant part of the traffic, and the combination
of the hilly nature of the area, the stop-and-start mode of the congested traffic, and the age and heavy loading of most of the trucks
causes large emissions of black diesel smoke. Brick kilns are an important source of building materials and pollution. Prior work
in Dhaka has suggested a significant role for brick kilns in producing air pollution there. Vehicular emissions and biomass/coal
burning for cooking and in the brick kilns around the city are the main contributors to these emissions. Ambient air quality standards
for Bangladesh and WHO guidelines are shown in Table 1.

Table 1: Ambient air quality standards for Bangladesh and the WHO Guideline (Mustafa Kamal, 2018)

Pollutant Bangladesh Standard WHO Guideline Averaging Time
Carbon Monoxide (CO) 10 (9 ppm) 10 8 hours (a)
(mg/m3)

40 mg m3/ (35 ppm) 30 1 hour (a)
Oxides of Nitrogen (NOXx) 100 pg/ m3 (0.053 ppm) - Annual
(ng/ m3)
Particulates (PM10) (ug/ m3) 50 pg/ m3 15 Annual (b)

150 pg/ m3 50 24 hours (c)
Fine Particulates (PM2.5) 15 pg/ m3 10 Annual
(ng/ m3)

65 ug m3/(0.12 ppm) 25 24 hours
Ozone (03) (ng/ m3) 235 pug m3/ (0.12 ppm) - 1 hour (d)

157 pg/ m3 (0.08 ppm) 100 8 hours
Sulfur dioxide (SO2) (nug/ m3) 80 pg/ m3 (0.03 ppm) - Annual

365 pg/ m3 (0.14 ppm) 20 24 hours (a)

(a) Not to be exceeded more than once per year.
(b) The objective is attained when the annual arithmetic mean is less than or equal to 50 ug/ m3.

(C) The objective is attained when the expected number of days per calendar year with a 24-hour average of 15 pg/ m3 is
equal to or less than 1.

(d) The objective is attained when the expected number of days per calendar year with the maximum hourly average of
0.12 ppm is equal to or less than 1.

2 Materials and Methods

2.1 Data Collection

Bangladesh's ambient air quality monitoring network comprises eleven (11) fixed Continuous Air Monitoring Stations (CAMS).
There are two stations in Chattogram, one at the TV station, Khulshi, and one at Agrabad. According to staff correspondence, the
TV station CAMS report is unreliable. That’s why I have chosen Agrabad CAMS data for this study for the years 2019,2021 and
2022.

Government agencies use an air quality index (AQI) to communicate to the public how polluted the air is or how it is forecast to
become. As the AQI increases, an increasingly large percentage of the population will likely experience increasingly severe adverse
health effects.

The AQI is calculated using the mathematical expression:(Application of New Approach Methodology-Derived Points of Departure
with Predicted or Regulatory Exposures to Estimate Bioactivity to Exposure Ratios (BER) for Risk Assessment: Human and
Ecological Risk Assessment: An International Journal: Vol 31, No 1-2, n.d.)

I = I{high] = Tgowy x\frac{(C - C{low})}{(c{high} — C{low})} + Lgowyeevvennnn @)
I: the (Air Quality) index

C : the pollutant concentration

C _low : the concentration breakpoint that is < C

C_high : the concentration breakpoint that is > C

I_low : the index breakpoint corresponding to C_low

I_high : the index breakpoint corresponding to C_high

C_low, C_high, I_low, I_high are from the US EPA Pollutant Breakpoint
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2.2 Statistical Analysis of Data

Data visualization has been done using time series data plotting to provide a clear description of the seasonal variation (dry and
wet season) of gaseous pollutants (SO2 and NO2) and particulate matter (PM2.5 and PM10). Air quality has been evaluated to
figure out the governing factor of the air pollution scenario of Chattogram City. The studies examine air quality in Chattogram
(Chittagong) City, Bangladesh, focusing on seasonal variations of pollutants. Particulate matter (PM2.5 and PM10) is identified as
the primary contributor to air pollution, with concentrations exceeding national standards during the non-monsoon period
(November-March) (Arif Hossen, 2018; Hossen et al., 2023). Gaseous pollutants (SO2, NO2, O3, CO) generally remain within
permissible limits, except during the dry season (Hossen et al., 2018, 2023). Seasonal variations significantly affect pollutant
concentrations, with the highest levels observed in winter and the lowest in monsoon (Hoque et al., 2022). The Air Quality Index
(AQI) indicates a concerning trend, with yearly averages falling in the "unhealthy for sensitive groups" category. Vehicular
emissions, particularly from diesel-driven vehicles, contribute significantly to air pollution. These findings highlight the need for
targeted interventions to improve air quality in Chattogram City.

3 RESULTS AND DISCUSSION

Fundamental statistical analysis of CAMS data for gaseous pollutants collected from 2019,2021, and 2022 for Chattogram City for
two different seasons is presented in the following tables and figures. These figures provide a clear description of the gaseous
pollutants (SO2 and NO2) through data visualization.

From the analysis, it is clear that the concentration of all pollutants is below their respective standard limit (Table 1) during the wet
season (April to October). However, the monthly average value for SO2 and NO2 is higher in the wet season (April to October)
than in the dry season (November to March). The average highest concentration of SO2 was found at 18.4 ppb in January 2022.
The Highest concentration of NO2 was found at 27.2 ppb in January 2021. All the values found of SO2 and NO2 throughout the
years 2019,2021, and 2022 were within the standard limit. Figure 1 represents the monthly average concentration of SO2 and NO2.

The National Ambient Air Quality Standard for PM2.5 is 65ug/m3 for 24 hours on average (Table 1), and for the annual arithmetic
mean, the standard is 15 pg m3/. Figure 3 presents the individual PM2.5 data measured at CAMS in 2019, 2021, and 2022. It is
revealed clearly that the seasonal variation of PM2.5 concentrations in monsoon (April to October) and non-monsoon (November
to March) periods against the 24-hour average standard has been observed since December 2019. Moreover, from November to
March, PM2.5 exceeds the 24-hour average standard. The concentration starts to decrease in February, continues till July, and again
starts to increase in August and continues till January. In the period of April to October, the concentration of PM2.5 remains below
the 24-hour standard. In fact, the 24-hour average PM2.5 concentration starts to increase in October. The maximum average
concentration of PM2.5 was observed in January 2022, which is 719.5 pg/m3. It has behaved like other gaseous pollutants.
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Figure 3: Monthly Average SO2 and NO2 at CAMS, Chattogram
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Figure 2 : Monthly Average PM2.5 and PM 10 at CAMS, Chattogram

Figure 1: Monthly Average PM2.5 and PM 10 at CAMS, Chattogram
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The National Ambient Air Quality Standard for PM10 is 150pg/m3 for 24 hours’ average, and for annual arithmetic mean, the
standard is 50 pg/m3 (Table 1). Figure 4 presents the individual PM10 data measured at CAMS in 2019, 2021 and 2022. 24-hour
average monthly concentration of PM10 has been found distinctly differ from that of monsoon (April to October) and non-monsoon
(November to March) periods against the 24-hour average standard. It has also indicated that January was the worst polluted month
regarding PM2.5 and PM10. The highest values found of PM2.5 were 719.5 ug/m3, and PM10 was 367 pg/m3 in January 2022.
The Daily Air Quality Index (AQI) is calculated for the years 2019, 2021, and 2022 considering four criteria pollutants (NO2, SO2,
PM2.5, and PM10). The responsible pollutants found for air pollution in Chattogram city is PM2.5. In almost all the cases, the
concentration of PM2.5 governed for AQI. The average AQI is 136.4 in the year of 2019, in 2021 the AQI value has been reduced
to 113.7 which defines air quality has been improved in 2021. But in the year of 2022, the average AQI is 191.4 which is beyond
the permissible limit. This is the indication of increasing air pollution in Chattogram city. Figure 3 to figure 5 represent the daily
AQI trend of the year 2019, 2021 and 2022.
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Figure 5 : Daily AQI for the year 2021
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Figure 6: Daily AQI for the year 2022
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The concentration of the most responsible pollutants for AQI PM2.5 considerably decreased in the monsoon season, that is why
the value of AQI remains below 100, which is categorized according to USEPA as moderate for health impact. The yearly
average value of AQI for Chittagong city is above 100, which means the environmental condition is unhealthy. Figures 8 & and 9
represent the concentration of PM2.5 in monsoon and non-monsoon periods.

4 CONCLUSION

Chattogram City is experiencing several problems due to air pollution. Though the problem is not too acute, like in another busy
city, it will face worse conditions in the coming days if proper steps are not taken. Particulate matter is being identified as the main
pollutant of concern. The concentration level comes down to the limit value in the monsoon period (April-October). It goes beyond
the limit during non-monsoon time and sometimes crosses three times during the non-monsoon period (November- March). The
pollution level during the non-monsoon period was found to be much higher than the standard level, indicating an alarming threat
to human health. The highest values found of PM2.5 were

719.5 pg/m3 in January 2022, while other gaseous pollutants remain within the permissible limit. The AQI value is 136.4 in 2019
and 113.7 in 2021, within 150. In 2022, AQI was 191.4, which is beyond the unhealthy limit. The air quality of the commercial
capital city is deteriorating day by day. Emissions from vehicles, domestic cooking, brickfields, industries, building construction
materials, and road dust are the main sources of pollution. Removing all unfit vehicles from the city is necessary to improve the air
quality. The government should take proper action to control air pollution and improve the health of the people of the city.
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Figure 7: PM2.5 concentration in wet season and dry season
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