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Abstract: This study assessed the main factors that affect the city’s air pollution levels in Dhaka. Among the variables analyzed, 
specifically PM10, PM2.5, SOx, NOx, NO2, CO and O3, only PM10 and PM2.5 exceeded the Bangladesh air quality standards and World 
Health Organization air quality guidelines. Based on the air pollution level of Dhaka City, SO2, NO2, CO2, and O3 are not exited the air 
quality standards, and only PM10 and PM2.5 are polluted Level. 
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1. Introduction 
 
Dhaka, the capital city of Bangladesh, comprises the 
Dhaka City Corporation (DCC) and five adjacent 
municipal areas, Savar, Narayanganj, Gazipur, Keraniganj, 
and Tongi. The area of this mega city is 1,353 km2, of 
which DCC occupies 276 km2. Air pollution in Dhaka City 
is reported to be serious and damaging to public health. In 
the winter of 1996-97, air pollution in the city became 
severest when lead in the air was reported higher than in 
the atmosphere of any other place of the world [1]. 
Unfortunately, motor vehicles and brick kilns are the 
largest sources of particulate air pollution including black 
carbon in Dhaka [2]. The air pollution of Dhaka comes 
from different types of brick kilns those are located in 
different zones of Dhaka [3]. 
 
The earlier governmental interventions, the contribution 
from the motor vehicles has decreased over the years, and 
the contributions from the brick industries have become 
more prominent. The number of brick kilns operating 
around Dhaka has increased significantly in recent years. 
Until now, the majority of the brick factories are using 
Fixed Chimney Kiln (FCK) technology with coal as the 
primary fuel since it is cheaper than alternatives [4]. FCKs 
are not energy efficient and thus emissions are relatively 
high. To reduce the emissions from the brick sector, the 
government is working to introduce modification in FCK 
technology and newer technology such as Zigzag and 
Hybrid Hoffman kilns, which are more energy efficient 
[4]. Brickfields have been identified as a vital pollutant 
source of the main cities of the country. At present, the air 
quality in Dhaka City is severely affected by the pollutants 
from hundreds of brickfields located at the entrance points 
into the city, which are Amin Bazar, Keraniganj, Fatulla, 
Pagla, Tongi, Ashulia [5]. Verification of the applicability 
of an effective air quality model for Bangladesh 
conditions, especially for brickfield pollution was the main 
concern. Particulate matter had been identified as the most 
significant pollutant in that region which should be 
addressed immediately [1]. 
 

Dust due to there-suspension on roads, which is an indirect 
source of motor vehicle activity, is a major cause of air 
pollution (in the coarse mode of PM), due to lack of 
sufficient infrastructure (paved roads) to support the 
growing fleets and congestion. The clusters of brick kilns 

lying north of Dhaka contribute ~40 percent of the 
measured fine PM pollution. Growing construction activity 
(also contributing to the fugitive dust) is leading the 
demand for brick kilns and burning of biomass and low 
quality coal is result to pollution [6]. 
 
These receptor modeling studies estimated an average 
contribution of 30–40% originating from brick kilns to 
total ambient PM2.5 pollution. Simulations using CMAQ 
chemical transport dispersion modeling system over 
Dhaka and Bangladesh, estimated at least 35% of ambient 
PM10 and at least 15% of the ambient PM2.5 in DMA is 
associated with brick kiln emissions [7]. 
 
Air pollution has become one of the serious environmental 
concerns in urban areas, particularly on the adverse health 
effects that have been associated with ambient fine 
particles [8] [9]. Due to enhanced human activities 
producing increased emissions, atmospheric pollution in 
urban area has become a major issue in many developing 
countries all over the world. The rates of increase in 
pollutant concentrations in the cities of the developing 
countries are higher than those of the developed countries 
[10]. 
 
The costs and benefits of environmental policies aims at 
reducing air pollution and provide policy 
recommendations in order to better address environmental 
health issues [11]. In general, the study aimed to do 
analyze the factors that cause air pollution in Dhaka, 
Bangladesh. Specifically, the study aimed to; identify and 
determine the significance of the existing air pollution 
condition in Dhaka, Bangladesh. 
 

2. Material and Methods 
 
Since April 2002, the DoE has managed a continuous air 
monitoring station (CAMS) in the Shangshad Bhaban 
premises. The facility is capable of monitoring all criteria 
pollutants, except lead. Air pollution data on PM10, PM2.5, 
NO2, NOx, SOx, CO, and O3 levels were collected from 
CAMS. Threshold levels were obtained from the [12] and 
[13]. The Statistical Analysis Software (SAS) was used to 
determine significant levels of air pollution in Dhaka City. 
Air pollution data on factors such as PM10, PM2.5, NO2, 
NOx, SOx, CO, and O3 were assessed and the most 
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significant ones identified in accordance to government 
and WHO guidelines.  
 
3. Result 
 
In Dhaka, PM is the air pollutant that is most harmful to 
public health and the environment as compared with other 
measured criteria pollutants. Among the group of air 
pollutants, PM is thought to be the most important with 
respect to health effects and reduced urban visibility. The 
major sources of PM in Dhaka are diesel-powered 
vehicles, two strokes engine gasoline vehicles, and brick 
kilns [14]. 
 

This study explored the condition of air pollution 
condition in Dhaka City, as well as the acceptable kilns 
policy on the surrounding brick kilns in the City. Data on 
air pollution in Dhaka City recorded that the yearly 
average of PM10 and PM2.5 is significantly high. The mean 
values are greater than that in Bangladesh and as compared 
with the air quality standard of WHO. The pollution level 
of PM10 and PM2.5 is highly significant, and indicates high 
pollution in Dhaka. By contrast, the analysis of other 
pollutants, such as SOx, NOx, SO2, CO, and O3, indicated 
a low annual average; wherein mean values are less than 
that of Bangladesh’s government and with the air quality 
standards specified by WHO. PM10 and PM2.5 values were 

higher than the 24-h average Bangladesh national ambient 
air quality standard [15]. 
 
Table 1 shows the test on equality of PM2.5 on annually 
threshold (15 μg/m3) set by the Bangladesh Government 
Air Quality Standard. The mean PM2.5 from 2002 to 2010 
ranges from 62.75 to 89.5 μg/m3. The test processes that 
were used are t-test and sign-test. T-test needs the 
normality of the data set to be satisfied, while, sign-test 
can be used when the normality is not satisfied. Based on 
the test, Dhaka had means PM2.5 greater than the set 
threshold of the Bangladesh government from 2002 to 
2010. This implies that Dhaka was air-polluted with PM2.5 
in those years. The PM2.5 pollution level was analyzed 
based on WHO air quality threshold level. It was found 
that the mean of PM2.5 from year 2002 to 2010 ranged 
from 62.75 to 89.5μg/m3. Both t-test and sign-test were 
used. Based on the tests, Dhaka had PM2.5 means greater 
than the set threshold of WHO from 2002 to 2010 (Table 
2). This implies that Dhaka was air-polluted with PM2.5 in 
those years. Table 2 presents the summary of results. 
Tables 1 and 2 proved that the threshold level assessed by 
the Bangladesh government and WHO was reached by 
PM2.5. Therefore, the PM2.5 level of Dhaka is immensely 
polluted. 

 

Table 1: Test on equality of PM2.5 on annual threshold (15 μg/m3) set by Bangladesh Government Air Quality standard

Year Mean Standard Deviation Normality Test Procedure 
Test 

Statistics 
P-Value Conclusion 

2002 69.11 59.31 not normal sign-test 4.5 0.0039 > than 15 
2003 77.25 58.52 Normal t-test 3.684 0.0036 > than 15 
2004 78.25 45.22 Normal t-test 4.844 0.0005 > than 15 
2005 85.25 57.09 Normal t-test 4.262 0.0013 > than 15 
2006 75.66 55.78 not normal sign-test 6 0.0005 > than 15 
2007 75.66 46.61 not normal sign-test 6 0.0005 > than 15 
2008 74.5 48.40 Normal t-test 4.258 0.0013 > than 15 
2009 89.5 59.57 not normal sign-test 6 0.0005 > than 15 
2010 83.91 65.67 Normal t-test 2.776 0.0321 > than 15 

Table 2: Test on equality of PM2.5 on annual threshold (10 μg/m3) set by WHO Air Quality Guidelines
 

Year Mean Standard Deviation Normality Test Procedure Test Statistics P-Value Conclusion 

2002 69.11 59.31 not normal sign-test 4.5 0.0039 > than 10 
2003 77.25 58.52 normal t-test 3.980 0.0022 > than 10 
2004 78.25 45.22 normal t-test 5.227 0.0003 > than 10 
2005 85.25 57.09 normal t-test 4.565 0.0008 > than 10 
2006 75.66 55.78 not normal sign-test 6 0.0005 > than 10 
2007 75.66 46.61 not normal sign-test 6 0.0005 > than 10 
2008 74.5 48.40 normal t-test 4.616 0.0007 > than 10 
2009 89.5 59.57 not normal sign-test 6 0.0005 > than 10 
2010 83.91 65.67 normal t-test 2.977 0.0247 > than 10 

 
Table 3 shows the test on equality of PM10 on annual 
threshold 50 (μg/m3) set by the Bangladesh Government 
Air Quality Guidelines. The mean PM10 from 2002 to 2010 
ranged from 110.66 to 147.34 μg/m3. Both t-test and sign-
test were used. Based on the tests, Dhaka had greater PM10 

means than the set threshold of the Bangladesh 
Government Air Quality Standard from 2002 to 2010. This 
implies that Dhaka was air-polluted with PM10 in those 
years. Table 4 presents the test on equality of PM10 on 
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annual threshold (20 μg/m3) set by the WHO Air Quality 
Guidelines. 
 
The mean PM10 ranged from 110.66 to 147.34 μg/m3 from 
2002 to 2010. Both t-test and sign-test were used. Based 
on the tests, Dhaka had greater PM10 means than the set 
threshold of the WHO Air Quality Standard from 2002 to 

2010. This implies that Dhaka was air-polluted with PM10 
in those years. Tables 3 and 4 proved that the threshold 
level assessed by the Bangladesh government and WHO 
was exceeded by PM. Therefore, the PM10 level implies 
that Dhaka is immensely polluted. 
  

Table 3: Test on equality of PM10 on annual threshold (50 μg/m3) set by Bangladesh Government Air Quality Standard
 

Year Mean Standard Deviation Normality Test Procedure Test Statistics P-Value Conclusion 

2002 110.66 62.79 not normal sign-test 4.5 0.0039 > than 50 
2003 134.58 79.26 normal t-test 3.696 0.0035 > than 50 
2004 132.33 70.08 normal t-test 4.069 0.0019 > than 50 
2005 129.41 71.76 normal t-test 3.833 0.0028 > than 50 
2006 117.83 69.64 normal t-test 3.374 0.0062 > than 50 
2007 126.41 72.08 normal t-test 3.672 0.0037 > than 50 
2008 122.25 66.64 normal t-test 3.755 0.0032 > than 50 
2009 143.58 80.94 normal t-test 4.005 0.0021 > than 50 
2010 147.34 86.19 normal t-test 2.987 0.0244 > than 50 

 
Table 4: Test on equality of PM10 on annual threshold (20 μg/m3) set by WHO Air Quality Guidelines

 
Year Mean Standard Deviation 

Norma- 

Lity 
Test Procedure Test Statistics P-Value Conclusion 

2002 110.66 62.79 not normal sign-test 4.5 0.0039 > than 20 
2003 134.58 79.26 normal t-test 5.007 0.0004 > than 20 
2004 132.33 70.08 normal t-test 5.552 0.0002 > than 20 
2005 129.41 71.76 normal t-test 5.281 0.0003 > than 20 
2006 117.83 69.64 normal t-test 4.866 0.0005 > than 20 
2007 126.41 72.08 normal t-test 5.113 0.0003 > than 20 
2008 122.25 66.64 normal t-test 5.314 0.0002 > than 20 
2009 143.58 80.94 normal t-test 5.289 0.0003 > than 20 
2010 147.34 86.19 normal t-test 3.908 0.0079 > than 20 

 
Yearly Pair-wise Comparison of PM10 and PM2.5 
 
Pair-wise comparison of the PM10 means from 2002 to 
2010 using the related case. T-test using the related case or 
sign test can be used for testing the pair-wise comparison. 
T-test using related case still needs the normality 
assumption, while sign test can be used if the assumption 
is not satisfied. There were 36 pair-wise comparisons, only 
six of which were found to be significant. The mean PM10 
of 2003 was greater than 2006 as well as 2004 against 
2007. This means that from 2003 to 2007, mean PM10 was 
decreasing in trend. On the other hand, mean PM10 in 2006 
and 2008 were found to be less in 2010. Moreover, mean 
PM10 of 2007 and 2008 were less in 2009 based on the 
tests. This implies that the mean PM10 was increasing from 
2006 to 2010. Pair-wise comparison of the PM2.5 means 
from 2002 to 2010 using the related case. T-test using the 
related case or sign test can be used for testing the pair-
wise comparison. Among the 36 pair-wise comparisons, 
only two were found to be significant. PM2.5 of 2007 and 
2008 were less in 2009 based on the tests. This implies 
that the mean PM10 was increasing from 2007 to 2009. 
 
 

 

 

 

NOx Assessment on 24-hour Threshold Level Set by 

Bangladesh Government 

 
NOx are emitted especially from high temperature 
combustion and are produced naturally during 
thunderstorms by electrical discharge. Nitrogen dioxide is 
a chemical compound with the formula NO2. It is one of 
the several nitrogen oxides. This reddish-brown toxic gas 
has a sharp, biting odor. NO2 is one of the most prominent 
air pollutants. The NOX threshold level was 53 ppb based 
on the Bangladesh Air Quality Standard. The mean NOX 
from 2002 to 2005 ranged from 37.5 to 59.5. The test 
procedures used were t-test and sign-test. The values from 
the test had mean NOX equal to threshold level of 
Bangladesh Government from 2002 to 2005. This implies 
that Dhaka air was not polluted with NOX in those years. 
NO2 Assessment on 24-hour Threshold Level Set by WHO 
Air Quality Guidelines. 
 
The NO2 threshold level was 21.27 ppb based on the WHO 
Air Quality Guidelines. The mean NO2 ranged from 22.5 
to 37.96 from 2002 to 2005. T-test and sign-test were used 
in testing the equality to the threshold set by WHO. The 
values from the test had mean NO2 equal to threshold level 
of WHO from 2002 to 2005. This implies that Dhaka was 
not air-polluted with NO2 in those years. 
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SOx Pollution Assessment on Annual Threshold Set by 

Bangladesh Government and WHO Air Quality 

Guidelines 

 
Sulfur oxides (SOx), especially sulfur dioxide, are a 
chemical compound with the formula SOX. SOX is 
produced by volcanoes and in various industrial processes. 
Since coal and petroleum often contain sulfur compounds, 
their combustion generates sulfur dioxide. Further 
oxidation of SOX , usually in the presence of a catalyst, 
such as NO2, forms H2SO4, and thus produces acid rain.  
 
The SOX threshold level was 30 ppb based on the 
Bangladesh Air Quality Standard and 7.634 ppb bases on 
the WHO Air Quality Guidelines. The mean SOX ranged 
from 5.99 to 8.16 from 2002 to 2006. The test procedures 
used were t-test and sign-test. The values from the test had 
mean SOX less than the set threshold level of Bangladesh 
government in 2002 to 2006. This implies that Dhaka was 
not air-polluted with SOX in those years. T-test or sign-test 
was used in testing the equality to the threshold set by 
WHO. The values from the test had mean SOx equal to 
threshold level of WHO in 2002 to 2005. In this year, 
Dhaka had mean SOx less than threshold level of WHO. 
This implies that Dhaka was not air-polluted with SOx in 
those years. 
 
CO Assessment on Threshold Level Set by Bangladesh 

Government and WHO Air Quality Guidelines 

 
Carbon monoxide (CO) is a colorless, odorless, non-
irritating but very poisonous gas. It is a product by 
incomplete combustion of fuel, such as natural gas, coal, 
or wood. Vehicular exhaust is a major source of CO. 
Hourly average of CO standard is 35 ppm as set by the 
Bangladesh government and 26.2 ppm as set by WHO Air 
Quality Guidelines. The mean CO from 2002 to 2006 
ranged from 0.72 to 1.5. In testing the equality to the 
threshold set by Bangladesh Government, t-test and sign-
test were used. Dhaka had mean CO less than the set 
threshold level of Bangladesh Government in 2002 to 
2006. The mean of CO from 2002 to 2006 ranged from 
0.72 to 1.5. In testing the equality to the threshold set by 
WHO Air Quality Guidelines, t-test or sign-test were used. 
Dhaka had mean CO less than the set threshold level of 
WHO Air Quality Guidelines in 20012 to 2006. This 
indicates that Dhaka was not polluted with CO in those 
years.  
  
Ozone (O3) Assessment on Threshold Level Set by 

Bangladesh Government and WHO Air Quality 

Guidelines 

 
Ozone (O3), or trioxide, is a triatomic molecule, consisting 
of three oxygen atoms. Ozone is a pale blue gas, slightly 
soluble in water, and much more soluble in inert non-polar 
solvents such as carbon tetrachloride. Cars and trucks, gas 
stations, and factories put the ingredients for ozone into 
the air every day. Even relatively low levels of ozone can 
cause health effects. People with lung disease, children, 
older adults, and people who are active outdoors may be 
particularly sensitive to ozone. Breathing ozone can trigger 
a variety of health problems including chest pain, 

coughing, throat irritation, and congestion. It can worsen 
bronchitis, emphysema, and asthma. Ground level ozone 
also can reduce lung function and inflame the linings of 
the lungs. The test on equality of O3 on 8-hour threshold 
(80 ppb) as set by Bangladesh Government Air Quality 
Guidelines and 50 ppb based on the WHO Air Quality 
Guidelines. The mean O3 ranged from 24.39 to 35.52 ppb 
from 2002 to 2008. The test procedures used were t-test 
and sign-test. Based on the tests, Dhaka had mean O3 less 
than the set threshold of Bangladesh Government in 2002 
to 2008. The mean O3 ranged from 24.39 to 35.52 ppb 
from 2002 to 2008. The test procedures used were t-test 
and sign-test. Dhaka had mean O3 less than the set 
threshold level of WHO in 2002 to 2006. This implies that 
Dhaka was not air-polluted with O3 in those years. 
 
4. Discussion 
 
Comparing brick kilns’ operating season and non-
operating season, 123 µ/m3 is the PM2.5 mean from 
November to April, while it is 35.4 µ/m3 from May to 
October. It is proven that brick kilns emissions are higher 
during operating season by 88 µ/m3. Nevertheless, both 
seasons are significant and exited the threshold level. Five 
months per year, brick kilns are the city’s main source of 
fine particulate pollution [16]. Similarly, the annual mean 
of brick kilns PM10 from November to April is 118 µ/m3, 
which is higher than then on-operating season. Results 
show the variation of PM2.5 and PM10 mass concentrations 
of mean values in each season. The characteristic of 
seasonal variation was observed for PM10 as well as for the 
fine particles, with elevated concentrations during the 
brick production period. Therefore, PM level peaks were 
very high during brick-making seasons. Both variables 
were observed to be very high during the operating season 
than the non-operating season even considering brick 
production. Also PM2.5, PM10 and BC concentration levels 
at a receptor site largely depend on the meteorological 
conditions including rainfall, wind speed and wind 
direction [15]. 
 
This analysis also proved that in Dhaka City, SO2, NO2, 
CO2, and O3 was not exceeded the standards pollution 
level. Moreover, based on the air pollution level of Dhaka 
City, SO2, NO2, CO2, and O3 are not exceeded the 
standards, and only PM10 and PM2.5 are exceeded those 
standard and made the air polluted.  
 

5. Conclusion and Recommendation 
 
This study explored the condition of air pollution 
condition in Dhaka City, as well as the effects on human 
health of the surrounding brick kilns in Dhaka. Data on air 
pollution in Dhaka City recorded that the yearly average of 
PM10 and PM2.5 is significantly high. The mean values are 
greater than that in Bangladesh and as compared with the 
air quality standard of WHO. The pollution level of PM 10 
and PM 2.5 is highly significant, and indicates high 
pollution in Dhaka. By contrast, the analysis of other 
pollutants, such as SOx, NOx, SO2, CO, and O3, indicated 
a low annual average; mean values are less than that of 
Bangladesh’s government and as compared with air 
quality standards specified by WHO. Therefore, such 
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pollutants are insignificant and have not exceeded the 
pollution level. Moreover, based on the air pollution level 
of Dhaka City, SO2, NO2, CO2, and O3 are not exited the 
air quality standards, and only PM10 and PM2.5 are 
polluted. 
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