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Executive Summary  
 
The Bangladesh Air Pollution Studies (BAPS) project is being prepared for the 
Clean Air and Sustainability project at the Bangladesh Department of 
Environment (CASE/DoE).  The project has been funded by the World Bank 
(International Development Association) for obtaining a better understanding of 
air pollution sources in Bangladesh. 
 
The project included the development of emissions inventories, air pollution 
dispersion modeling as well as field studies/surveys in order to collect air 
samples and relevant input data. This report builds upon the Task 1 emission 
inventory which is the basis for the emission input data in the dispersion model 
for this Task 2.  No modelling of air pollution at this level of detail has previously 
been conducted for these two cities in Bangladesh. The model performances aim 
at mapping concentration levels from all collected sources for a base-case 
scenario (2013) and future scenario (2020). 
 
The methodology for the dispersion modelling included use of the emissions 
inventories already compiled in AirQUIS (in Task 1) for Dhaka and Chittagong.  In 
combination with meteorology generated from TAPM, the EPISODE dispersion 
model in AirQUIS was used to develop concentration plots for PM10, PM2.5 and 
SO2 and NO2 for both cities.  MatLab was used to visualize the gridded results 
taken from AirQUIS.  A scenario for 2020 was developed based on a combination 
of projected mitigation measures and sector growth based on GDP and 
population growth rates.  In addition, health impacts were assessed based on 
methodologies from previous studies performed in Asia. 
 
Results show that in general the PM2.5 and PM10 concentration distributions are 
closely linked to the emissions from brick kilns in the Dhaka area, while in 
Chittagong the impacts are more spread between the brick, industry and traffic 
sources.  Results also show that PM10 and PM2.5 concentrations exceeds annual 
limit values, and that the dry season is most critical when it comes to high 
concentrations of PM10 and PM2.5.  It is also important to understand how the 
brick kilns and re-suspension of dust from roads plays a major role in the 
estimated high PM concentrations.  SO2 concentrations may exceed annual limit 
values, but only in areas close to major industrial sources.  NO2 concentrations 
will increase between 2013 and 2020 on average, but will not exceed local limit 
values.  Health impacts due to air pollution may lead to annual hospital 
admissions for between about 4000 people in Dhaka, about 2500 people in 
Chittagong. 
 
Results from this study should be seen as a valuable tool for policy-makers in 
Bangladesh to be able to identify the sources that are contributing to 
exceedances in annual limit values, and thus affecting local human health.   
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Modelled Concentrations of Criteria Air Pollutants in 
Dhaka and Chittagong (2013 and 2020) 

 

1 Introduction  

Dhaka can be considered one of the world’s most polluted mega-cities when it 
comes to air pollution (Gurjar et al., 2008), where air quality during the winter 
months is a severe problem (Randall et al., 2011a). In addition, future projections 
of emissions are not promising (Randall, 2011b).  There are also large regional 
issues contributing to local air pollution in both Dhaka and Chittagong. Urgent 
government action is required to mitigate the pollution at both local and regional 
scale in order to protect the health of the Bangladeshi population (Begum et al., 
2010; Randall et al., 2011a).  
 
The Bangladesh Air Pollution Studies (BAPS) project which is being prepared for 
the Clean Air and Sustainability project at the Bangladesh Department of 
Environment (CASE/DoE).  The project has been funded by the World Bank 
(International Development Association) for obtaining a better understanding of 
air pollution sources in Bangladesh. 
 
The project included the development of emissions inventories, air pollution 
dispersion modelling as well as field studies/surveys in order to collect air 
samples and relevant input data. Task 2 sets the basis for an improved insight 
and understanding of air quality and the air pollution problems in Bangladesh 
(for Dhaka and Chittagong), and is an important task in the current project.   
 
This report builds upon the Task 1 emission inventory which is the basis for the 
emission input data in the dispersion model for this Task 2.  No modelling of air 
pollution at this level of detail has previously been conducted for these two cities 
in Bangladesh. The model performances aim at mapping concentration levels 
from all collected sources for a base-case scenario (2013) and future scenario 
(2020). The background for this Task 2 report has been the previously submitted 
as part of the Inception Reports (Randall et al., 2012). 
 
The tools and models used both in Task 1 as well as in Task 2 of this project was 
given to CASE/DoE as part of the NORAD financed BAPMAN project. An overview 
of the reports produced during the NORAD project is presented by Randall et al. 
(2015). A summary of the training given to DoE/CAS during the BAPMAN project 
is also given in Appendix B. 
 
The AirQUIS models as well as the emission inventories templates were installed 
in especially designed office at DoE, and the staff at DoE and CASE were trained 
during several training workshops presented both in Dhaka and at NILU in 
Norway (Randall et al. 2011c). 
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1.1 Purpose and goals 

The purpose of this report is to provide a first understanding of the modelled 
concentrations of PM10, PM2.5, NOX, and SOx for both Dhaka and Chittagong.  The 
primary goals of this report is to provide CASE/DoE with an understanding of the 
dispersion of these pollutants. It will present the concentration levels of the 
pollutants from all sources as they are transported and dispersed across each 
city. Concentration distributions have been presented for the emissions 
estimated for 2013 as well as projections into 2020. The results have also lead to 
information regarding health impacts of the city’s human population. 
 

2 Study areas 

The study area for this project is defined by the domains in both Dhaka and 
Chittagong as discussed in the succeeding chapters. These two cities are the two 
biggest cities in Bangladesh where most of the industries and the urban 
communities are located. 
 
2.1 Bangladesh Map  

Bangladesh has a total land area of 147,570 km2. Figure 1 shows the location of 
the two grids used in this task. The Dhaka grid is 24x50 km2 and located in Dhaka 
Division; the Chittagong grid is 20x32 km2 and located in Chittagong Division.  
 

 

Figure 1: Bangladesh Map. 

2.2 Dhaka Grid Map 

For the study in Dhaka, a 24 x 50 sq km domain centred at 235472.00 m E and 
2637401.00 m N (Zone 46Q in UTM coordinates system) was used. Each cell of 
the grid has a resolution of 1 x 1 sq km. This grid domain covers the whole of 
Dhaka City Corporation (DCC) area. Additionally, it covers a portion of Gazipur 
district in the north, part of Savar Upazila in the West, part of Keraniganj Thana 
in the South and part of Narayanganj district in the south and southeast. 
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Figure 2: Dhaka Grid (50 x 24 sq km). 

 

2.3 Dhaka Receptor Cells 

We have selected ten receptor areas (cells) in each of the cities. These receptors 
represent different population areas of interest (Thanas) and was selected in 
order to simplify the presentation of estimated concentrations.  
 

 

Figure 3: Map of Receptor Cells for Dhaka. 

 
2.4 Chittagong Grid Map  

The grid dimension for Chittagong modelling is 20x32 km2 with centre point at 
377374.00 mE and 377374.00 mE (Zone 46Q in UTM coordinates system) and cell 
resolution is 1x1 km2. This grid domain covers the whole of Chittagong City 
Corporation area along with part of Sitakunda, Hathhazari, Raozan, BoalKhali, 
Patiya and Anowara Upazila. 
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Figure 4: Chittagong Grid (20 x 32 sq km). 

 
2.5 Chittagong Receptor Cells 

Also for Chittagong we have selected ten receptor cells for simplifying the 
presentation of the model estimated concentration results. 
 

 

Figure 5: Map of Chittagong Receptor Cells. 

 

3 The models: AirQUIS/EPISODE  

EPISODE is an atmospheric dispersion model developed by NILU and it is the 
model applied for this study. The model is associated with an Air Quality 
Information System (AirQUIS, v.14.0.0.82), which is a compact tool for Air Quality 
Management (AQM) with functionalities of emission inventory, numerical 
modeling, air quality and meteorological data with statistical assessment 
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methods, within an operable and functional GIS platform. The EPISODE model is 
a combined 3-D Eulerian/Lagrangian air pollution dispersion model for urban and 
local to regional scale applications. EPISODE solves the time dependent 
advection/-diffusion equation on a 3-dimensional grid (Slørdal, et al., 2003). 
 
AirQUIS-EPISODE calculates hourly average dispersion over grids, converts them 
to 24 hours average concentration and then finally calculates monthly, seasonal 
and annual averages. In this study, the model is used to calculate the emission 
and concentration distributions for seasonal and annual averages for 2013 and 
projections in 2020. The model does not include chemical reactions in the 
atmosphere. 
 
 
3.1 Input data 

All potential pollutant sectors were investigated for the emission inventory in 
Task 1. Table 1 shows an overview of the approaches used for the emission 
inventory, organized by each sector and corresponding pollutant.  A description 
of each sector used in this inventor is in Table 2. 
 
The Task 1 emissions inventory uses two types of approaches for estimating 
sources and emissions; bottom-up and top-down. Bottom-up includes the 
collection of data from individual sources: point, line and area sources. It 
includes information about location, production rates, fuel types and volume. 
This part of the emissions inventory is normally based on field work. It includes 
mainly work with industries and the traffic sectors. 
 
The top-down approach is defined as data collection from existing compiled data 
sources, normally at a much smaller resolution. The anthropogenic emissions for 
the AirQUIS emission model runs for Dhaka and Chittagong are based on the 
Emission Database for Global Atmospheric Research (EDGAR) version 4.2 
(EC/JRC, 2009), produced collaboratively by the Joint Research Centre (JRC) and 
the Netherlands Environment Assessment Agency (PBL). The original emission 
data has been acquired from the EDGAR website in NetCDF format (Rew & Davis, 
1990).  
 
The approach in this study uses a scaled methodology to the top-down data 
(mainly area sources) to increase/improve the resolution (giving data in a finer 
grid) and to produce greater accuracy to this top-down input data. The top-down 
emission model also is utilized to fill gaps in the bottom-up approach. 
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Table 1: Source overview for each sector and corresponding pollutant. 

 Pollutant Sector 

 Industry Brick Kilns Traffic Agriculture Urban Non-road Fossil Fuel 
PM10 Bottom-up 

scaled* 
Bottom-up Bottom-up Top-down 

scaled 
Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

PM2.5 Bottom-up 
scaled* 

Bottom-up Bottom-up Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

SOx Bottom-up 
scaled* 

Bottom-up Bottom-up Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

NOx Top-down 
scaled 

N/A Bottom-up Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

CO Top-down 
scaled 

N/A Bottom-up Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

Top-down 
scaled 

*not including brick kilns 

Table 2: Explanation of Pollutant sectors. 

Source Sector Sector description 

Industrial Energy industries (Power plant), Manufacturing industries, etc. (not including 
brick kilns) 

Brick kilns All brick kilns with stack, all designated as Fixed chimney kiln (FCK) 

Traffic Road sources (cars, taxis, motorcycles, baby taxis, busses, trucks). 

Agricultural Agricultural activities 

Urban Residential combustion 
Non-road Non-road Transport 
Fossil Fuel Extraction and distribution of fossil fuels (gas processing and refineries) 

 
An example of the gridded emissions used for the dispersion can be seen in 
Figure 6, which shows annual gridded emission results for Dhaka for 2013. 

 

Figure 6: Map of NOx Annual Emissions (tons/year) given for each km2 for Dhaka 2013. 

A road dust re-suspension factor of 10.89 g/vehkm was added to the vehicle 
sources for dispersion modelling.  This factor was developed from the Task 4 
report (Rahman et al. 2014a). It should be noted that this factor was not applied 
to the emission inventory (Task 1). 
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The emissions from biomass burning may have been under estimated in Dhaka. 
One reason for this was that the sector was missing in the EDGAR database 
(EC/JRC, 2009. The results from Task 3 of this project, (Begum et al. 2014b) 
indicated that about 7 % of the PM mass in Dhaka originated from biomass 
burning. In Chittagong, however, it seems that the estimated urban emissions 
included also biomass burning. This specific task should be investigated further in 
a future part 2 of this project. 
 
Regional and long range transport of particles was also not included in this 
modelling study. One reason for not including this source is the lack of reliable 
background monitoring data in Dhaka and Chittagong to include as such a 
background source. 
 
3.1.1 Scenario for 2020 emissions 

Based upon available information about future trends for population growth, 
traffic increase and fuel use, we have assumed a few projections related to air 
emissions in 2020. A summary of projected changes are presented in Table 3.   
 

Table 3: Projections made to source sector input data for 2030 assessment. 

Sector 2020 Projected Change Reasoning 

Brick Kilns Reduced emission factors by 20%. 
 

Switch to cleaner fuels and technology. 

Industry Increased emissions by 6.3%/year. Increased industrial activity based on projected 
GDP increase. 

Traffic Increased traffic volume by 4.8%/year. 
 
 
Modified ECVC-RVC distribution percentages. 
 
Reduced re-suspended road dust by 25%. 

Based on population growth rate to compensate 
for increased vehicle need. 
 
Switch to more efficient vehicles, and partial 
switch from CNG to petrol. 
Compensate for future road dust cleaning. 

Agriculture Unchanged. Unknown if this sector would increase or 
decrease. 

Urban Increased urban emissions by 6.3%/year. Increase urban emissions based on projected GDP 
increase. 

Non-road Increased non-road emissions by 6.3%/year. Increase non-road emissions based on projected 
GDP increase. 

Fossil Fuel Increased fossil fuel emissions by 6.3%/year. Increase fossil fuel emissions based on projected 
GDP increase. 

 
Our assumptions were based on the best available information that we could 
find. During this project there was no time to involve a number of stakeholders, 
organisations and institutions in order to produce a scenario that all could agree 
upon. The changes in each of the sectors have further been implemented in the 
emission inventories for modelling of concentrations in 2020. 
 
3.1.2 Meteorology  

Meteorological data used in the dispersion model was retrieved from The Air 
Pollution Model – TAPM (Hurley, 2008).  For Chittagong a virtual station was 
positioned at 22 deg 21.0 min, 91 deg 48.5 min at a 10 meter height for the year 
2012, and for Dhaka a virtual station was positioned at 23 deg 49.0 min, 90 deg 
24.o min at a 10 meter height for the year 2012.  Meteorological data (wind 
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speed, wind direction, relative humidity, temperature, and net radiation) was 
extracted from these virtual stations and applied as meteorological data for 
2013.   Wind roses for both cities for the year, wet season, and dry season can be 
found in Section 3 below. 
 
The reason for selecting a these “virtual” meteorological stations was due to the 
fact that local wind data, from the airport or from local air quality stations did 
not seem to be representative for the general transport of pollutants over the 
whole city. The models also required good quality hourly data, which was not 
available in the airport database. 
 
3.1.3 Population 

Population numbers have been taken from Bangladesh Bureau of Statistics, 
based on the 2011 Census.  This data for each Thana was then interpolated into 
each grid cell, and projected to 2013 based on the annual population growth 
rate, 4.8%.  A map of the population distribution can be seen below for Dhaka 
(Figure 7), and Chittagong (Figure 8). 
 

 

Figure 7: Population distribution 
for Dhaka, 2013. 

 

Figure 8: Population distribution 
for Chittagong, 2013. 

We received a comment concerning the population statistics stating that “there 
is a general agreement that the population numbers in Dhaka is 
underestimated”. This may be true. However, we had to use the official data 
from BBS and the recent survey.  
 
3.2 Health Impact Assessment 

Various potential health end-points may be divided into two sub categories; 
morbidity and mortality. Morbidity refers to disability or poor health i.e. to the 
degree the health condition affects the person/patient. Mortality effects 
basically have fatal consequences. Based on Chinese epidemiological studies, 
(Aunan and Pan, 2004) presented concentration/dose response functions for 
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health effects of PM10 and SO2 pollution. A percentage change approach was 
suggested for the functions to be transferable to other developing countries 
characterized by similar air pollution conditions as in China. The results can be 
observed in Table 4 and Table 5. 
 

Table 4: Exposure response (ER) factors for PM10 and SO2 used in the health impact 
assessment. 

 PM10 SO2  

 Coeff. S.E. Min Max Coeff. S.E. Min Max Ref. 

All-case mortality 0,03 0,01 0,02 0,04 0,04 0,01 0,03 0,05 Aunan and 

Pan, 2004 

Mortality due to CVD 0,04 0,01 0,03 0,05 0,04 0,01 0,03 0,05 Aunan and 

Pan, 2004 

Mortality due to RD 0,06 0,02 0,04 0,08 0,1 0,02 0,08 0,12 Aunan and 

Pan, 2004 

Mortality due to LC 0,8 0,1 0,7 0,9         Pope et al., 

2002 

Chronic respiratory 

illness, adults 

0,31 0,01 0,3 0,32         Aunan and 

Pan, 2004 

Chronic resporatory 

illness, children 

0,44 0,02 0,42 0,46         Aunan and 

Pan, 2004 

Hospital admissions 

for RD 

0,12 0,02 0,1 0,14 0,15 0,03 0,12 0,18 Aunan and 

Pan, 2004 

Hospital admissions 

for CVD 

0,07 0,02 0,05 0,09 0,19 0,03 0,16 0,22 Aunan and 

Pan, 2004 

 

The factor values in Table 4 refer to percentage change in number of cases per 
person per µg/m3 change in daily ambient concentration. For chronic respiratory 
illness they refer to percentage change in prevalence rates per µg/m3 change in 
long-term concentration.  
 

Table 5: Baseline mortality and morbidity rates used in health impact assessment. 

Mortality/ morbidity Health endpoint 
Rate  

  

Reference 

Mortality 

All-case 0,0072 WHO, 2008 

Respiratory Diseases (RD) 0,0004 WHO, 2008 

Cardiovascular Diseases (CVD) 0,0020 WHO, 2008 

Lung cancer (LC) 0,0001 WHO, 2008 

Morbidity 

Hospital admissions for CVD 0,0067 Zhang et al., 2010 

Hospital admissions for RD 0,0045 Zhang et al., 2010 

Chronic bronchitis 0,0006 Zhang et al., 2010 

 

 

4 Modelling Results 

The air quality dispersion models have been run for emission data from Dhaka 
and Chittagong. Air pollution concentrations are presented based on annual 
average concentrations as well as dry season and wet season concentrations, in 
addition to 2020 projections.  From the complete spatial concentration 
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distributions presented for the selected grids we have also summarized 
concentrations in the selected receptor cells as shown in Figure 3 and Figure 5. 
 
4.1 Dhaka  

Table 6 shows the total annual emissions in Dhaka for each of the five criteria 
components for this study.  These results show the tons per year of emissions for 
each component for the year 2013. 
 

Table 6: Dhaka Annual Emissions per Component for all source sectors. 

Component 
Annual Emissions 

(tons/year) 

PM10 58,524 

PM2.5 20,819 

SOx 60,216 

NOx 14,862 

CO 53,045 

 
 
4.1.1 Meteorological data used in the models 

A wind rose based on hourly meteorological data for 2012 was compiled for 
Dhaka (Figure 9).  The prevailing wind for the year blows from around north-
west. The wind frequency distribution table for the various wind direction classes 
can be seen in Appendix A. 
 

 

Figure 9: Wind direction frequency distributions for 2012 for Dhaka (generated using 
WRPLOT and Google Earth from TAPM data). 
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Figure 10: Wind rose for Dry Season 2012 
(December as representative month) for 
Dhaka. 

 

Figure 11: Wind rose for Wet Season 2012 
(May to November) for Dhaka. 

 
The wind frequency distributions presented in Figure 10 and 11 have been used 
in the model estimates for the dry season and for the wet season respectively. 
These wind frequency distributions have been compared to long term (> ten year 
of data) distribution in order to verify their representativeness. 
 
4.1.2 Concentration Summary 

As a summary of the modelling results, the average annual concentrations of the 
selected pollutants in Dhaka is presented in Table 7. The highest concentrations 
found in the grid (presented as a grid receptor cell) is shown together with the 
average concentrations for all grid receptor cells in Dhaka. 
 
PM10 concentrations exceed the Bangladesh limit value by a factor of 25 in the 
maximum cell and a factor of 7 on the average. The average concentrations of 
SO2 and NO2 do not exceed the limit values. SO2 concentrations in the maximum 
cell, however, exceeded the limit value by a factor of 12. This occurs in the 
vicinity of a large cluster of brick factories. 
 

Table 7: Comparison of Average Concentration Dispersion in Dhaka for baseline 2013. 

Component 

Maximum 
Annual Average 
Value Receptor 

Cell 
(µg/m3) 

Annual 
Average 

Concentration 
at Receptor 

cells 
(µg/m3) 

Ambient Air Quality Standards/Guideline/Limit 
Values for Annual Average Concentrations 

Bangladesh  
(µg/m3) 

US EPA  
(µg/m3) 

EU  
(µg/m3) 

WHO  
(µg/m3) 

PM10 1238 (cell 6, 47) 353 50 15 40 20 

PM2.5 931 (cell 6, 47) 68 15 12 25 10 

SOx* 1031 (cell 6, 47) 68 80* - - - 

NOx** 87 (cell 6, 28) 48 100** 100** 40** 40** 
* Assuming the vast majority of SOx is SO2 
** Assuming the vast  majoring of NOx is NO2 
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4.1.3 PM10 concentrations for 2013 and 2020, Dhaka 

The annual average concentrations of PM10 are presented in Figure 12 for 2013 
and 2020 as estimated in the ten selected receptor cells, with the Bangladeshi 
limit value (LV) indicated for reference. We see that the average concentration 
exceed the national limit value of 50 µg/m3 with a factor 4 to 8 in 2013. The 
concentrations estimated for the scenario year 2020 are estimated to be 
reduced by about 10 to 15 %, mainly due to the projected reduction in road dust 
silting, and corresponding road dust re-suspension.  However, these 
concentrations are still well over the annual limit value. 
 

 

Figure 12: PM10 Annual Average Concentration at Receptor Cells for 2013 and 2020 for 
Dhaka, LV =limit value=50 µg/m3. 

 
The spatial distributions of model estimated annual average PM10 concentrations 
are presented in Figures 13, 14 and 15. The figures represents PM10 emissions 
from all sources 2013, and 2020 as well as for emissions from brick kilns only.  
 

 

Figure 13: PM10, Annual aver. 
all sources, 2013 

 

Figure 14: PM10 Annual aver. 
all sources, 2020 

 

Figure 15: PM10 Annual aver. 
brick kilns, 2013 

 
We see from the figures that the dominant sources for the extremely high PM10 
concentrations (hot-spots) are the clusters of brick kilns. 



17 

NILU OR 46/2014 

 

 
4.1.4 PM10 – Wet and Dry Season in Dhaka 

The difference in average PM10 concentrations estimated for the dry and wet 
season at the receptors in Dhaka is shown in Figure 16. 
 

 

Figure 16: PM10 Average Concentrations at Receptor Cell for Wet and Dry Season in 
Dhaka, LV =limit value=50 µg/m3. 

 
The main PM10 problems are linked, as seen in Figure 16, to the dry season. The 
PM10 concentrations for all sources during the dry season range between 400 
and 750 µg/m3 for the receptor, while the wet season concentrations are around 
15-20 µg/m3 for the receptors. 
 
The spatial distribution of PM10  concentrations is shown in Figures 17 and 18 for 
the wet season and dry season respectively. We see only one hot spot area of 
PM10 in the dry season located in the south eastern part of Dhaka, which is a 
large industrial area (non-bricks). 
 

 

Figure 17: PM10 concentrations 
during the wet season.  

 

Figure 18: PM10 concentrations 
during the dry season. 
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4.1.5 PM2.5 concentrations, 2013 and 2020 in Dhaka 

The annual average concentrations of PM2.5 as estimated in the ten selected 
receptor cells for 2013 and 2020 is shown in Figure 19. The average 
concentrations for all sources in 2013 range between 50 and 135 µg/m3, well 
over the annual limit value. 
 

 

Figure 19: PM2.5 Annual Average Concentration at Receptor Cells for 2013 and 2020 for 
Dhaka, LV =limit value=15 µg/m3. 

We also see from Figure 19 that PM2.5 concentrations in 2020 will be reduced 
compared to 2013. This is most likely due to the assumed reduced emissions 
from the brick kilns introduced in the 2020 scenario. 
 
The spatial distribution of PM2.5 is shown in Figures 20, 21, and 22 for annual 
averages 2013, annual averages 2020, and emissions from brick kilns 2013 only. 
 

 

Figure 20: PM2.5 Annual aver. 
for all sources 2013 

 

Figure 21: PM2.5 Annual aver. 
for all sources 2020 

 

Figure 22: PM2.5 Annual aver. 
Brick kilns 2013 

 
We see from the Figures 20, 21 and 22 that the dominating source for PM2.5 in 
Dhaka is the emissions from brick kilns. 
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4.1.6 PM2.5 concentrations; Wet and Dry Season in Dhaka 

Figure 23 shows, as for the PM10 concentrations in Figure 19, that the main PM2.5 
problems are related to the dry season in Dhaka. The dry season PM2.5 
concentrations for all sources in 2013 range between 50 and 450 µg/m3 for the 
receptors. The Bangladesh annual limit value is set at 15 µg/m3, where wet 
season annual averages at the receptors are just under the annual limit value on 
average. 
 

 

Figure 23: PM2.5 Annual Average Concentrations at Receptor Cell for Wet and Dry Season 
for Dhaka, LV =limit value=15 µg/m3. 

 
The spatial distribution of model estimated PM2.5 concentrations are presented 
in Figure 24 for the wet season and in Figure 25 for the dry season. Notice that 
the scale is different in the two figures, a factor of 10 is applied to the dry season 
map scale. 
 

 

Figure 24: PM2.5 wet season 
conc. all sources 2013 

 

Figure 25: PM2.5 dry season conc. 
all sources 2013 

 
Like PM10, the PM2.5 concentration distributions are closely linked to the 
emissions from brick kilns in the Dhaka area. 
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4.1.7 PM model estimates compared to measurements 

Comparisons to measured PM concentrations in Dhaka was not originally 
presented in this report. The reason for this was that we tried to use continuous 
measurement data from the new monitoring sites (CAMS) in Dhaka. The quality 
of these data were, however, not adequate enough at that time so we choose 
not to perform the comparisons. 
 
The model estimated annual average PM10 concentrations varied from one 
receptor cell to another, ranging between 200 and 350 µg/m3  
The monthly average concentration of PM10 measured in January 2013 at the Dar 
El Salam station in Dhaka was 339 µg/m3. (MoE 2013). 
 
As part of the Task 3 project PM10 and PM2.5 was measured at one site, Farm 
gate, in Dhaka. (Begum et al. 2014c). The winter average PM10 concentration in 
2010-2011 was reported at 221 µg/m3, during 2011-2012 the average was 172 
µg/m3. The receptor cell closest to this station was Kalabagan. The model 
estimated winter average concentration of PM10 in this receptor was 600 µg/m3. 
The rainy season average was 15 µg/m3. There may be several reasons for the 
overestimated dry season concentrations. Both meteorology and time variations 
of the brick kilns operations could influence the concentrations. There are 
reasons to investigate this further in a next phase of the programme. 
 
Taken into account the uncertainties as well as the representativeness of single 
point measurements, we conclude that the model estimated concentration 
levels of PM10 in Dhaka seem to match well with the measurements. If anything, 
there might seem to be an overestimation of PM10 in the model results.  
 
The estimated annual average PM2.5 concentrations varied from one cell to the 
other around 60 µg/m3. The estimated annual average PM2.5 concentration in 
the Kalabagan receptor cell was 62 µg/m3. The measured annual average 
concentration at the Farm gate site (23 August 2010 to 1 July 2012) was 63.5 
µg/m3 (Begum et al. 2014c).  
The winter average measured PM2.5 was reported at 101 to 104 µg/m3, while the 
dry season model estimated concentrations ranged between 50 and 400 (one 
cell only). The dry season average estimated PM2.5 concentration was about 130 
µg/m3. Again, the conclusion is that the model estimated PM concentrations 
seem to be well within the uncertainty of the different databases. Estimated 
concentrations are only slightly overestimated compared to measurements. 
 
 
4.1.8 SO2 concentration estimates for 2013 and 2020 in Dhaka 

The model estimated annual average SO2 concentrations are presented for the 
ten selected receptor cells for 2013 and for 2020 in Figure 26. The Bangladesh 
limit value for SO2 concentrations were exceeded in only one of the receptor grid 
cells (Adabar). 
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The model estimated SO2 concentrations 2013 seem to agree well with 
measurements that have been undertaken during the screening studies in Dhaka 
(Randall et al. 2014c). The average measured SO2 concentrations in February 
March 2013 averaged between 40 and 80 µg/m3. This is, as should be expected, 
close to or slightly higher than the annual averages estimated from the models. 
 

 

Figure 26: SO2 Annual Average Concentration at Receptor Cells for 2013 and 2020 for 
Dhaka, LV =limit value=80 µg/m3. 

 
We also see from Figure 26 that the average SO2 concentrations will decrease 
between 2013 and 2020. This decrease is partly due to the assumed reduced 
emissions from brick kilns, due to implemented mitigation measures. 
 

 

Figure 27: SO2  Annual Average 
Concentration Map for Dhaka, 
2013. 

 

Figure 28: SO2  Annual Average 
Concentration Map for Dhaka, 
2020. 

 

Figure 29: SO2  Annual Average 
Concentration Map for Dhaka, 
2013 – just for the Brick Sector. 

 
The areas impacted with SO2 concentrations exceeding the Bangladesh air 
quality limit value of 80 µg/m3 are much the same in 2013 and 2020. We see 
from Figure 29 that the brick kilns are the main contributors to this SO2 
concentration distributions. 
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4.1.9 SO2 concentrations; Wet & Dry Season in Dhaka 

As for PM10, the highest SO2 concentrations occur during the dry season. The 
model estimated average SO2 concentrations during the dry season are 
exceeding 80µg/m3 for all the selected receptor cells. The measured SO2 

concentrations during the screening study in February 2013 (Randall et. al 
2014b) ranged between 30 and 100 µg/m3 indicating that in some of the 
receptor grids the model may have overestimated the SO2 concentrations. 
Generally it seems that the model estimated average concentrations of SO2 are 
slightly too high during the dry season and too low during the rainy season. One 
reason for this may be that there are more sources to SO2 in Dhaka than from 
the brick industry. Also the dispersion conditions during the rainy season will be 
better than during the dry season. This will tend to lower the estimated 
concentrations. 
 

 

Figure 30: SO2 Annual Average Concentrations at Receptor Cell for Wet and Dry Season 
for Dhaka, LV =limit value=80 µg/m3. 

 
During the wet season the SO2 concentrations are usually around 15µg/m3 or 
less. Only two industrial areas show SO2 concentrations approaching 50 µg/m3 as 
seen in Figure 31 below. 
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Figure 31: SO2 Average Concen-
tration for Dhaka, wet season. 

 

Figure 32: SO2 Average Concen-
tration for Dhaka, dry season 

 
Seasonal average SO2 concentrations above the Bangladesh air quality limit 
values occur during the dry season, and are closely linked to emissions from the 
brick industry as seen in Figure 32, note the difference in scale between Figure 
31 and 32. 
 
4.1.10 NO2 concentrations 2013 & 2020 in Dhaka 

The annual average NO2 concentrations estimated in ten receptor cells in Dhaka 
as presented in Figure 33, which show that the NO2 concentrations never 
exceeded the Bangladesh air quality annual limit value of 100 µg/m3. 
The model estimated average NO2 concentrations 2013 ranging between 30 and 
60 µg/m3 is within the range of the NO2 concentrations measured in February 
2013 (Randall et. al 2014b). 
 

 

Figure 33: NO2 Annual Average Concentration at Receptor Cells for 2013 and 2020 for 
Dhaka, LV =limit value=100 µg/m3. 

The average NO2 concentrations will increase between 2013 and 2020. The main 
reason for this is most likely the increased traffic volume applied to the 2020 
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projection scenario, as well the potential fuel switch from CNG to petrol/diesel, 
also applied in the 2020 scenario. 
 
The reason for these assumptions were that we have witnessed the natural gas 
shortage first hand with regular power loss, and areas of Dhaka with regular 
planned black outs due to limited power supply in addition to drivers switching 
to petrol due to increased CNG prices due to low supply. This facet of the 2020 
scenario may be controversial (going against policy), it is based on projections 
from current circumstances over current policy (see Gomes 2013). 
 
The annual average NO2 concentrations given in Figures 34, 35 and 36 have 
assumed that most of the NOx emitted into the Dhaka atmosphere will 
eventually be measured as NO2 (this entire study makes this assumption). 
 

 

Figure 34: Annual average 
concentration; Dhaka, all  
sources 2013 

 

Figure 35:Annual average 
all sources Dhaka 2020 

 

Figure 36: Annual average 
concentrations; Dhaka - only 
traffic sources, 2013 

As seen from the figures 34-36 the spatial NO2 concentration distribution is 
closely linked to traffic (line) source emissions. 
 
4.1.11 NO2 concentrations, Wet and Dry Season in Dhaka 

Figure 37 presents the model estimated annual average NO2 concentrations in 
the ten selected receptor cells in Dhaka. 
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Figure 37: NO2 Annual Average Concentrations at Receptor Cell for Wet and Dry Season 
for Dhaka, LV =limit value=100 µg/m3.. 

 
Again we see that the estimated NO2 concentrations never exceeded the limit 
values of 100 µg/m3. The NO2 concentrations during the dry season are about 
25% higher than during the wet season. From the spatial distribution of NO2 
concentrations as shown in Figures 38 and 39 it is clear that the dry season 
experiences higher concentrations along the roads than during the wet season. 
 

 

Figure 38: NO2 Average 
Concentration for Dhaka, wet 
season 

 

Figure 39: NO2 Average 
Concentration for Dhaka, dry 
season 

The reasons for the higher NO2 concentrations during the dry season may be 
caused by a combination of differences in the meteorological conditions, 
resulting in better dispersion condition during the rainy season, as well as 
reduced NOx emissions from the brick industry during the rainy season. 
 
The model estimated NO2 concentrations match well with the measured average 
concentrations in February – March 2013 (Randall et. al 2014b).The measured 
average NO2 concentrations were around 50-60 µg/m3.  
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4.1.12 Health Impacts, Dhaka 

The impacts of air pollution upon health in Dhaka are linked to the method 
recommended by the WHO (WHO 2007) for calculating the burden of disease. 
The equations used to estimate the potential human damage includes the 
calculation of population weighted exposure (PWE) levels to the modelled 
concentrations by allocating the concentration exposure level in each grid to the 
population living in the same grid. The exposure levels are then linked to the 
society frequency of the health end-point by adjusting for the differences in rate 
condition between the exposed and an unexposed (or less exposed) population. 

 
The exposure- response functions used for this analysis is the ones presented in 
Table 4. Based on Chinese epidemiological studies, Aunan and Pan, (2004) 
presented concentration/dose- response functions for health effects of PM10 and 
SO2 pollution. The total number of cases within 8 specific health end points 
affected by air pollution is presented in Table 8 below. 
 

Table 8: The number of people affected by PM10 and SO2 pollution for 8 different 
health end points. 

 

Health endpoint 

Nbr of cases (PM10) Nbr of cases (SO2) 

Dhaka Dhaka 

Value S.E. (ER function) Value S.E. 

All-case mortality 857 573 1 139 917 689 1 143 

Mortality due to CVD 313 235 390 252 189 314 

Mortality due to RD 102 68 135 135 109 161 

Mortality due to LC 292 262 320       

Chronic respiratory 
illness, adults 500 485 515       

Chronic respiratory 
illness, children 255 244 265       

Hospital admissions 
for RD 2 088 1 751 2 422 2 095 1 688 2 497 

Hospital admissions 
for CVD 1 841 1 323 2 353 3 914 3 320 4 501 
ER=Exposure-Response 
S.E.=Standard Error (of the exposure-response function) 
RD =Respiratory Diseases, CVD is Cardiovascular Diseases and LC is Lung Cancer 

 
The annual impacts of the average annual PM10 concentrations in Dhaka are on 
the basis of the chosen exposure-responses linked to more than 850 premature 
deaths as well as 4000 incidences of hospital admissions for people with 
respiratory and cardiovascular diseases. About 300 cases are estimated for 
deaths connected to lung cancer. Incidents of chronic respiratory illness among 
adults and children were estimated to about 500 and 260 respectively.  The 
effects of SO2 concentrations in Dhaka have similar health effects as PM10. 
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4.2 Chittagong 

Table 9 shows the total annual emissions in Chittagong for each of the five 
criteria components examined in this study. These results show the tons per year 
of emissions for each component for the year 2013. 
 

Table 9: Total Emission in Chittagong for all components for all source sectors. 

Component 
Annual Emissions 

(tons/year) 

PM10 10,282 

PM2.5 5,686 

SOx 6,200 

NOx 4,082 

CO 29,926 

 
4.2.1 Meteorological input data for Chittagong 

The annual average wind frequency distribution is presented as a wind rose 
based on hourly data for 2012 (and applied to 2013) from Chittagong in Figure 
40. The prevailing wind for the year blows in from the sea (from west, south 
westerly and from south).  The wind frequency distribution table for the various 
wind direction classes can be seen in Appendix A. 
 

 

Figure 40: Wind rose for 2012 for Chittagong (generated using WRPLOT and Google 
Earth from TAPM data). 

 
Representative meteorological data have been used in order to generate a 
typical dry season wind frequency distribution as well as a similar distribution for 
the wet season.  Typical wind roses for these different seasons are presented in 
Figure 41. We see from these data that we have prevailing westerly winds during 
the dry season and prevailing southerly winds during the wet season. 
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Figure 41: Wind rose for Dry Season 2012 (December as representative month) and Wet 
Season 2012 (July as representative month) for Chittagong. 

 
The wind distributions presented in Figure 41 have been used as input to the 
dispersion models used in the following chapters. 
 
4.2.2 Concentration Summary 

A summary of the estimated annual average concentrations of pollutants in 
Chittagong is presented in Table 10. The average concentration values presented 
for the receptor cell with the highest concentration as well as the average annual 
concentration for all receptor cells is presented and compared to air quality limit 
values (Bangladesh) and guideline values (WHO).  We can see that in the 
receptor cell with highest concentrations of PM, the concentrations are more 
than 20 times the limit value. 
 

Table 10: Comparison of Average Concentration Dispersion in Chittagong, 2013. 

Component 

Maximum Annual 
Average Value 
Receptor Cell 

(µg/m3) 

Annual Average 
Concentration at 

Receptor cells 
(µg/m3) 

Ambient Air Quality Standards/Guideline/Limit 
Values for Annual Average Concentrations 

Bangladesh  
(µg/m3) 

US EPA  
(µg/m3) 

EU  
(µg/m3) 

WHO  
(µg/m3) 

PM10 1172 (cell 9, 7) 154 50 15 40 20 

PM 2.5 344 (cell 7, 7) 38 15 12 25 10 

SOx* 422 (cell 10, 28) 28 80* - - - 

NOx** 57 (cell 11, 15) 30 100** 100** 40** 40** 

* Assuming the vast majority of SOx is SO2 
** Assuming the vast  majority of NOx is NO2 

 
Model estimated concentrations of the various pollutants will be presented and 
discussed in more details for Chittagong in the following chapters. 
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4.2.3 PM10 concentrations for 2013 and 2020 in Chittagong 

The annual average concentrations of PM10 are presented in Figure 42 for 2013 
and 2020 as estimated in the ten selected receptor cells in Chittagong. We see 
that the average concentration exceed the national limit value of 50 µg/m3 with 
a factor 1 to 7 in 2013. The concentrations estimated for the scenario year 2020 
are increased in most areas of Chittagong, with a few area decreasing. The 
Kowali Thana receptor area is strongly influenced by industrial emissions. 
 

 

Figure 42: PM10 Annual Average Concentration at Receptor Cells for 2013 and 2020 for 
Chittagong, LV =limit value=50 µg/m3. 

 
The spatial distributions of model estimated annual average PM10 concentrations 
are presented in Figures 43, 44, 45 and 46. The figures represents PM10 
emissions from all sources in Chittagong for the year 2013, and 2020 as well as 
for emissions from industrial sources only and traffic sources only. Please 
observe that the scales are different on the figures. 
 

 

Figure 43: PM10 Annual Average 
Concentration Map for Chittagong, 
2013. 

 

Figure 44: PM10 Annual Average 
Concentration Map for Chittagong 
2020. 
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Figure 45: PM10 Annual Average 
Concentration Map for Chittagong, 
2013 – just for Industrial Sources 

 

Figure 46: PM10 Annual Average 
Concentration Map for Chittagong, 
2013 – just for Traffic Sources 

 
We see that when all sources are taken into account, including re-suspension of 
dust from the roads, the limit value of 50 µg/m3 are exceeded almost all over 
Chittagong. The location of industrial sources are clearly pointed out in Figure 45, 
while PM10 from traffic are closely linked to the road pattern. The highest 
concentrations due to traffic is to be found in the city centre. 
 
4.2.4 PM10 concentrations during Wet and Dry Seasons in Chittagong 

The main PM10 problems are linked, as seen in Figure 47, to the dry season. The 
PM10 concentrations during the dry season range between 60 and 350 µg/m3 at 
the receptors, while the wet season concentrations are around 20-60 µg/m3. 
 

 

Figure 47: PM10 Seasonal Average Concentrations at Receptor Cell for Wet and Dry 
Season for Chittagong, LV =limit value=50 µg/m3. 

 
The spatial distribution of PM10 concentrations are shown in Figures 48 and 49 
for the wet season and dry season respectively. The grid area exceeding 
50 µg/m3 is much larger during the dry season than during the wet season as 
expected. 
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Figure 48: PM10 Wet Season 
Monthly Average Concentration 
Map for Chittagong, 2013. 

 

Figure 49: PM10 Dry Season 
Monthly Average Concentration 
Map for Chittagong, 2013. 

 
One reason for this larger impact during the dry season is most likely the 
emissions due to re-suspension of dust from the roads, in addition to the limited 
brick kiln contribution. 
 
4.2.5 PM2.5 concentrations for 2013 and 2020 in Chittagong  

The annual average concentrations of PM2.5 as estimated in the ten selected 
receptor cells in Chittagong for 2013 and 2020 is shown in Figure 50. The average 
concentrations in 2013 range between 25 and 46 µg/m3. 
 

 

Figure 50: PM2.5 Annual Average Concentration at Receptor Cells for 2013 and 2020 for 
Chittagong, LV =limit value=15 µg/m3. 

We see from Figure 50 that the PM2.5 concentrations in Chittagong will on the 
average increase from 2013 to 2020. The reasons for this may be an increased 
population leading to increases in the urban emission rates and traffic. Also the 
increased use of fossil fuel may lead to increases in the PM2.5 concentrations. 
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Figure 51: PM2.5 Annual 
Average Concentration Map 
for Chittagong, 2013. 

 

Figure 52: PM2.5 Annual 
Average Concentration Map 
for Chittagong, 2020. 

 

Figure 53: PM2.5 Annual 
Average Concentration Map 
for Chittagong, 2013 – just for 
Urban sources. 

 
Figure 51 and Figure 52 show that the PM2.5 limit value of 15 µg/m3 will be 
exceeded over the whole city of Chittagong both in 2013 and in 2020. The 
emissions from urban sources are mainly impacting in the city centre of 
Chittagong as seen in Figure 53. 
 
4.2.6 PM2.5 concentrations during the Wet and Dry Seasons in Chittagong 

The differences in seasonal average concentrations of PM2.5 seen in Figure 54 are 
not as large as seen for Dhaka (see Figure 23). The reason for this is that the brick 
kilns in Chittagong (and lesser thereof numbers) play a smaller role in the total 
concentration estimate. 
 

 

Figure 54:  PM2.5 Annual Average Concentrations at Receptor Cells for Wet and Dry 
Season for Chittagong, LV =limit value=15 µg/m3. 

The wet season average PM2.5 concentrations range between 12 and 60 µg/m3, 
while the dry season PM2.5 concentrations  range between 30 and 80 µg/m3, as 
expected. The reason for the higher wet season concentration at the northern 
receptor cell of Bayejid Botsami is due to differences in meteorological 
conditions for that particular cell (prevailing  wind directions). 
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Figure 55: PM2.5 Wet Season Monthly 
Average Concentration Map for 
Chittagong, July 2013. 

 

Figure 56: PM2.5 Dry Season Monthly 
Average Concentration Map for 
Chittagong, December 2020. 

Figure 55 and Figure 56 show that the spatial distribution of PM2.5 concentrations 
above 15 µg/m3 covers a larg area of Chittagong during the dry season. Also 
during the wet season PM2.5 exceeded 15 µg/m3 over most of Chittagong. 
 
4.2.7 SO2 concentrations for 2013 and 2020 in Chittagong 

The annual average SO2 concentrations in Chittagong did not exceed the limit 
value of 80 µg/m3 neither in 2013 nor in 2020, see Figure 57. 
 

 

Figure 57: SO2 Annual Average Concentration at Receptor Cells for 2013 and 2020 for 
Chittagong, LV =limit value=80 µg/m3. 

The average SO2 concentrations was estimated to increase by 5 to 40 % 
(depending on the receptor cell) from 2013 till 2020, mostly due to increase in 
industrial sources and other area sources for the projected future. 
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Figure 58: SO2 Annual 
Average Concentration 
Map for Chittagong, 2013. 

 

Figure 59: SO2 Annual 
Average Concentration 
Map for Chittagong, 2020. 

 

Figure 60: SO2 Annual 
Average Concentration Map 
for Chittagong, 2013 – just 
for  brick kiln sector. 

 

Figure 58 and Figure 59 shows this dispersion of the increase in SO2 
concentrations due to the sources mentioned. Figure 60 shows that the SO2 
emissions from brick kilns play a role in the identifications of hot spots in 
Chittagong. 
 
4.2.8 SO2 concentrations during the Wet and Dry Seasons in Chittagong 

The dry seasonal average SO2 concentrations in Chittagong exceeded 80µg/m3 
only in one receptor cell (Figure 61). The Khulshi area is located in the north 
western part of Chittagong and might be impacted by the westerly winds from 
the ship yards. The SO2 concentrations are generally higher in the dry season 
than in the wet season in Chittagong, mostly due to the brick kiln sources. 
 

 

Figure 61: SO2 Annual Average Concentrations at Receptor Cells for Wet and Dry Season 
for Chittagong, LV =limit value=80 µg/m3. 

We can also see the rather large differences in impact from wet to dry seasons in 
Chittagong as presented in the spatial concentration distributions in Figure 62 
and Figure 63, again, mostly due to the brick kiln sources. 
 
The model estimated SO2 concentrations during the dry season are close to the 
levels that were measured during the measurement campaign in February 2013 
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(Randall et. al 2014b). The SO2 concentrations measured in Chittagong during 
February 2013 was around 25 to 45 µg/m3. 
 

 

Figure 62: SO2 Wet Season Monthly Average 
Concentration Map for Chittagong, July 
2013. 

 

Figure 63: SO2 Dry Season Monthly 
Average Concentration Map for 
Chittagong, December 2013. 

 
4.2.9 NO2 concentrations in 2013 and 2020 in Chittagong 

The estimated annual average NO2 concentrations in Chittagong for 2013 and 
2020 never exceeded the limit value of 100 µg/m3 (Figure 64). As for PM10 the 
highest values were found in the area of Kowali Thana. The lowest concentration 
of NO2 was in Khulshi where we found the highest concentrations of SO2 during 
the dry season.  These results indication the strong variation of sources in 
Chittagong. 
 

 

Figure 64: NO2 Annual Average Concentration at Receptor Cells for 2013 and 2020 for 
Chittagong, LV =limit value=100 µg/m3 . 
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The spatial distribution of NO2 from 2013 to 2020 show a clear increase all over 
the city. This seems to be caused by the increase in traffic as well as a change in 
fuel. Figure 67 shows the traffic sector impact on the annual average NO2 
concentrations in 2013. 

 

Figure 65: NO2 Annual 
Average Concentration Map 
for Chittagong, 2013 

 

Figure 66: NO2 Annual 
Average Concentration Map 
for Chittagong, 2020 

 

Figure 67: SO2 Annual 
Average Concentration Map 
for Chittagong, 2013 – just 
for Traffic sources 

  

 
Figure 65 to 67 show that the spatial distribution of NO2 did not exceed the 
100 µg/m3 limit value. However, the annual average NO2 concentrations in the 
city centre in 2020 may approach the limit value. Figure 67 indicate that the 
traffic emissions represent a major source for NO2 concentrations in the city 
centre of Chittagong. 
 
4.2.10 NO2 concentrations during the Wet and Dry Season in Chittagong 

The seasonal average concentrations of NO2 for the ten selected receptor cells in 
Chittagong are presented in Figure 68. Again we see that the dry season 
concentrations are generally higher than during the wet season. In the area of 
Kowali Thana there is more than a doubling of concentrations from wet to dry 
season. Kulshi has the lowest NO2 concentrations both during the wet and the 
dry season, and as for PM2.5 the average wet season NO2 concentrations in 
Bayejid Bostami is highest during the wet season. This is due to changes in 
prevailing wind directions specifically for that cell. 
 
The dry season NO2 concentrations estimated by the models were ranging 
between 20 and 70 µg/m3, averaging 36 µg/m3. The measured NO2 
concentrations measured by passive samplers at the end of February 2013 
(Randall et. al 2014b), gave NO2 concentrations typically between 25 and 50 
µg/m3.  
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Figure 68: NO2 Seasonal Average Concentrations at Receptor Cells for Wet and Dry 
Season for Chittagong, LV =limit value=100 µg/m3. 

 

 

Figure 69: NO2 Wet Season Monthly 
Average Concentration Map for 
Chittagong, 2013. 

 

Figure 70: NO2 Dry Season Monthly Average 
Concentration Map for Chittagong, 2013. 

 
The spatial concentration distributions of NO2 in Figure 69 and Figure 70 also 
clearly show the difference between the wet and dry season in Chittagong. 
During the wet season the NO2 concentrations seem to be around 20 to 40 % of 
the limit value. In the dry season there might be areas in the city centre that 
approaches 80 % of the limit value, but never exceeds this. 
 
4.2.11 Health Impacts in Chittagong 

The impacts of air pollution upon human health in Chittagong are linked to the 
method recommended by the WHO for calculating the disease burden (See 
chapter 3.2).  The equations used to estimate the potential human damage 
includes the calculation of population weighted exposure (PWE) levels to the 
modelled concentrations by allocating the concentration exposure level in each 
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grid to the population living in the same grid. The exposure levels are then linked 
to the society frequency of the health end-point by adjusting for the differences 
in rate condition between the exposed and an unexposed (or less exposed) 
population. The exposure- response functions used for this analysis is the ones 
presented in Table 4. The total number of cases within 8 specific health end 
points affected by air pollution is presented in Table 11 below. 
 

Table 11: The number of people affected by PM10 and SO2 pollution for 8 different health 
end points. 

Health endpoint 

Nbr of cases (PM10) Nbr of cases (SO2) 

Chittagong Chittagong 

Value S.E. (ER function) Value S.E. 

All-case mortality 543 365 719 406 306 505 

Mortality due to CVD 197 149 245 111 84 139 

Mortality due to RD 63 43 83 59 48 70 

Mortality due to LC 142 130 152       

Chronic respiratory illness, 
adults 255 249 262       

Chronic respiratory illness, 
children 171 165 177       

Hospital admissions 
 for RD 1 269 1 074 1 459 907 735 1 075 

Hospital admissions for CVD 1 145 830 1 449 1 683 1 435 1 924 
ER=Exposure-Response 

S.E.=Standard Error (of the exposure-response function) 

RD is Respiratory Diseases, CVD is Cardiovascular Diseases and LC is Lung Cancer 

 
The annual impacts of the average annual PM10 concentrations in Chittagong are 
on the basis of the chosen exposure- responses linked to more than 500  
premature deaths as well as 2400 incidences of hospital admissions for people 
with respiratory and cardiovascular diseases. About 140 cases are estimated for 
deaths connected to lung cancer from PM10. Incidents of chronic respiratory 
illness among adults and children were estimated to about 250 and 170 
respectively for PM10.  Similar health results are also found for SO2. 
 
 

5 Summary and conclusions 

A study of air pollution impacts in Dhaka and Chittagong has been undertaken 
using dispersion models based on comprehensive emission inventories for the 
two cities (Randall et al. 2014c). The PM2.5 and PM10 concentration distributions 
are closely linked to the emissions from brick kilns in the Dhaka area, while in 
Chittagong the impacts are more spread between urban sources, brick kilns, 
industry and traffic sources. 
 
Some main summary conclusions for both Dhaka and Chittagong are that: 
 

 PM10 and PM2.5 concentrations exceeds annual limit values  
 The dry season is most critical when it comes to high concentrations of 

PM10 and PM2.5  
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 Brick kilns and re-suspension of dust from roads plays a major role in the 
estimated high PM concentrations 

 SO2 concentrations may exceed annual limit values close to major 
industrial sources 

 Average NO2 concentrations will increase between 2013 and 2020, but 
will not exceed local limit values 

 Health impacts due to air pollution may lead to hospital admissions for 
between about 4000 people in Dhaka, about 2500 people in Chittagong 

 
It should also be noted that the estimated scenario for changes in pollution 
emissions from 2013 to 2020 may lead to a slight reduction in the PM and SO2 
concentrations in Dhaka – this is mainly due to reduced emissions from brick 
kilns. The concentrations of NO2 will increase in Dhaka as well as in Chittagong in 
2020, mostly due to the increased traffic volumes and fuel switch from CNG to 
petrol/diesel assumed for the 2020 scenario. There may also be a slight increase 
in PM and SO2 concentrations in Chittagong in 2020, due in part to industrial and 
urban source increases for the scenario. 
 
 

6 Policy Implications  

Results from this study should be seen as a valuable tool for policy-makers in 
Bangladesh to be able to identify the sources that are contributing to 
exceedances in annual limit values, and thus affecting local human health.   
 
For example, the results indicate that despite a steady growth in all sectors 
(including increased emissions), that targeted measures applied to road dust re-
suspension and brick kilns could reduce PM10 concentrations by up to 15% by 
2020.  More aggressive measures than those employed in the assumed 2020 
scenario that we used, could certainly reduce PM10 concentrations by up to 25% 
in Dhaka. 
 
There are numerous examples for how these results could be examined in 
relation to the largest sources contributing to concentrations estimated, and in 
regards to exceedances of the annual limit values.  In turn, the emissions for Task 
1 can further be examined to understand the emission values for each source 
contributing to the concentrations.  These sort of investigations are valuable for 
policy-makers to have in order for them to properly set limitations which are 
based on scientific results from studies of emissions (Task 1) and concentrations 
(Task 2). 
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Appendix A  
 

Wind Frequency  Distribution Tables for Dhaka and 
Chittagong 
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Chittagong: 

 
Directions / Wind Classes (m/s)  0.0 -  1.0  1.0 -  2.0  2.0 -  3.0  3.0 -  4.0  4.0 -  5.0  5.0 -  6.0 >=  6.0 Total

1 348.75 - 11.25 0.3% 4.1% 3.3% 1.3% 0.5% 0.0% 0.0% 9.6%

2 11.25 - 33.75 0.3% 1.8% 0.8% 0.2% 0.3% 0.1% 0.0% 3.5%

3 33.75 - 56.25 0.3% 0.5% 0.1% 0.0% 0.0% 0.0% 0.0% 0.9%

4 56.25 - 78.75 0.4% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.6%

5 78.75 - 101.25 0.3% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.8%

6 101.25 - 123.75 0.3% 0.7% 0.1% 0.0% 0.0% 0.0% 0.0% 1.1%

7 123.75 - 146.25 0.3% 2.2% 1.1% 0.3% 0.0% 0.0% 0.0% 3.9%

8 146.25 - 168.75 0.5% 2.1% 2.3% 1.8% 0.2% 0.0% 0.0% 6.8%

9 168.75 - 191.25 0.4% 2.4% 4.0% 4.0% 0.5% 0.0% 0.0% 11.4%

10 191.25 - 213.75 0.4% 2.1% 2.5% 2.3% 1.0% 0.7% 0.2% 9.1%

11 213.75 - 236.25 0.3% 3.0% 1.8% 2.0% 1.6% 1.2% 0.0% 9.8%

12 236.25 - 258.75 0.3% 3.1% 1.8% 1.8% 1.5% 0.9% 0.0% 9.4%

13 258.75 - 281.25 0.4% 3.5% 2.2% 1.9% 0.8% 0.3% 0.0% 9.1%

14 281.25 - 303.75 0.3% 3.7% 2.6% 0.8% 0.3% 0.0% 0.0% 7.8%

15 303.75 - 326.25 0.4% 4.1% 2.9% 0.5% 0.1% 0.0% 0.0% 8.0%

16 326.25 - 348.75 0.4% 4.1% 3.1% 0.5% 0.1% 0.0% 0.0% 8.2%

Sub-Total 5.6% 38.1% 28.6% 17.4% 6.7% 3.3% 0.3% 100.0%  
 

 

Dhaka: 

 
Directions / Wind Classes (m/s)  0.0 -  1.0  1.0 -  2.0  2.0 -  3.0  3.0 -  4.0  4.0 -  5.0  5.0 -  6.0 >=  6.0 Total

1 348.75 - 11.25 0.3% 4.3% 1.9% 0.8% 0.2% 0.0% 0.0% 7.5%

2 11.25 - 33.75 0.3% 2.4% 1.3% 0.8% 0.3% 0.0% 0.0% 5.1%

3 33.75 - 56.25 0.3% 2.2% 1.1% 0.8% 0.3% 0.1% 0.0% 4.9%

4 56.25 - 78.75 0.4% 1.6% 0.9% 0.5% 0.1% 0.0% 0.0% 3.6%

5 78.75 - 101.25 0.3% 1.8% 0.9% 0.2% 0.0% 0.0% 0.0% 3.3%

6 101.25 - 123.75 0.3% 1.9% 0.7% 0.4% 0.0% 0.0% 0.0% 3.2%

7 123.75 - 146.25 0.5% 2.2% 1.7% 1.0% 0.3% 0.0% 0.0% 5.9%

8 146.25 - 168.75 0.5% 2.7% 2.7% 1.4% 0.7% 0.4% 0.1% 8.5%

9 168.75 - 191.25 0.7% 3.0% 2.5% 1.3% 0.3% 0.2% 0.0% 8.0%

10 191.25 - 213.75 0.5% 2.5% 1.9% 1.1% 0.3% 0.1% 0.0% 6.4%

11 213.75 - 236.25 0.5% 2.2% 1.0% 0.7% 0.3% 0.0% 0.1% 4.7%

12 236.25 - 258.75 0.5% 2.2% 1.0% 1.1% 0.7% 0.2% 0.0% 5.7%

13 258.75 - 281.25 0.6% 4.9% 1.5% 1.2% 0.6% 0.1% 0.2% 9.1%

14 281.25 - 303.75 0.5% 5.2% 1.9% 0.7% 0.2% 0.0% 0.0% 8.6%

15 303.75 - 326.25 0.5% 5.3% 1.9% 0.3% 0.0% 0.0% 0.0% 8.1%

16 326.25 - 348.75 0.6% 4.5% 1.7% 0.7% 0.1% 0.0% 0.0% 7.5%

Sub-Total 7.4% 48.7% 24.6% 13.3% 4.5% 1.1% 0.5% 100.0%  
 

 

 

These distributions are generated using WRPLOT from TAPM output data. 
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Appendix B  
 

Air Quality Management training for DoE/CASE  
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AQM training at DoE/CASE 
In order to improve the understanding of the air quality problems in Bangladesh, 
efforts have been undertaken to increase the air quality management capacity in 
the country. Several projects were conducted such as the World Bank funded Air 
Quality Management Program (AQMP) from 2002-2006, and Clean Air and 
Sustainable Environment (CASE) Project from 2008-2017 – both housed under the 
Bangladesh Department of Environment (DoE).  Assessments were made at the end 
of the AQMP project in 2006 by NILU to highlight the status of the air quality 
management locally, and areas to focus future improvement and capacity building 
(Sivertsen et al., 2006). 
 
With the establishment of CASE in 2008, actions were made to follow-up the NILU 
assessment and recommendations through formation of the institutional-building 
project Bangladesh Air Pollution Management (BAPMAN), funded by Norwegian 
Agency for Development Cooperation (NORAD) from 2009-2013.   The purpose of 
BAPMAN was for NILU to provide training and tools for personnel at CASE/DoE to 
increase their capacity in managing local air quality issues.  The focus areas for the 
project was in emissions inventories, dispersion modelling, air quality monitoring, 
and health impacts. 
 
 

The BAPMAN project 
The BAPMAN project was originally structured by CASE and NILU to best address 
the priority issues identified in the air quality management assessment performed 
by NILU in 2006 (Sivertsen et al., 2006).  The format of the project was based upon 
institutional-building principles which focus on trainings and competence building 
of CASE/DoE personnel in the priority areas identified.  This structure was well 
adapted to the requirements of the NORAD funding mechanism to ensure full 
financial support for the project from August 2009 – December 2013. 

 
Overall project goal:  to build up the cross-institutional capability for development of an 
effective and sustainable air quality management programme in Bangladesh, run by its 
national institutions, in order that the negative effects of air pollution, particularly 
upon the health of citizens, may be addressed. 

 

BAPMAN project Tasks 
The four main tasks are presented in summary below such as the project was 
designed.  It should be noted that some of the outcomes from each task may differ 
slightly than the original design due to modifications and challenges experienced 
during the course of the project.  In addition, a project management task was added 
to the structure. 
 
Emission Inventory (Task 1):  Top-down estimate of emissions in Bangladesh using 
global/regional inventories; bottom-up survey of emissions in AirQUIS in order to 
perform dispersion modelling. 
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Objectives: To provide the training and skills necessary to achieve in-house emission 
inventorying in Bangladesh appropriate to air quality management. 

 
Monitoring Procedures (Task 2):  Development of QA/QC and SOPs for monitoring 
stations; establishment of data transfer from monitoring stations to central 
database; specifications for a national reference laboratory; assessment and 
reporting of monitoring data. 

Objectives:  Bring monitoring and analysis procedures to modern standards, and to 
train staff to sustainably achieve this standard. 

 
AQM Tools (Task 3):  Installation of AirQUIS server with Oracle, and client 
computers; establishment of databases for monitoring data, emission inventorying, 
and dispersion modelling. 

Objectives: Deliver tools, training and work experience for air pollution dispersion 
modelling suitable for air quality management. 

 
Health Impacts (Task 4):  Health impact assessments, end-point selection, and 
review of pollutant sources; understanding of pollution fields, exposure, and 
construction of scenarios. 

Objectives: Produce information on the health consequences of air pollution in Dhaka. 
Local expertise at DOE and in supporting Bangladeshi institutions in the assessment of 
health impact is to be nurtured. By this means the fundamental expertise will be 
developed by which objectives and strategies for air quality management can be 
developed into the future. Thus, sustainability is to be promoted and reinforced. 

 
 

Methods 
The methodology for the project was based on the principles of institutional 
building of CASE/DoE by NILU.  The institutional building is primarily in the form of 
capacity building of individual experts at CASE/DoE.  The capacity building was 
accomplished through theoretical and hands-on trainings in the project tasks 
identified. In addition, NILU installed the tools at CASE/DoE for the experts to 
accomplish the tasks as well. These tools were the same as the ones used in the 
World Bank financed BAPS project. 
 
Over the course of the BAPMAN project a number of workshops and seminars have 
been held as trainings for CASE/DoE in each task in order to accomplish the 
designed outcomes and corresponding deliverables. Each of these training 
workshops have been described in details in the form of a published NILU report, or 
other memo/reports. (For a summary see: Randall et. al 2015) 
 

AQM Tools (Task 3) 
One of the main tasks of the BAPMAN project was to install and train selected 
experts at DoE/CASE to apply the tool for air quality management. The deliverables 
for Task 3 were designed to document that AirQUIS was installed at CASE/DoE and 
that appropriate trainings were given so that local trained experts have competence 
in using AirQUIS. 
 



53 

NILU OR 46/2014 

 

 

The AirQUIS establishment:  
The system was established in Dhaka, and personnel trained so that the system can 
be used sustainably in Bangladesh. Documentation of the system and its operation 
was presented in reports and manuals. Documentation of the AirQUIS system 
installation can be found in a number of mission training reports:  
 
In addition, the AirQUIS manuals were referred to during all of the trainings for 
guidance in operation of the various modules, and documentation of the system 
itself. An example is given in Mission 3 report. 
 
The specific training program for AirQUIS, and documentation of its implementation 
and results (such as air pollution maps for Dhaka and Chittagong) was presented in 
several reports as listed below: 

 

 Training 1 at NILU: 

Randall,S., Sivertsen, B., Dam, V.T., Gjerstad, K.I. (2010) 

Bangladesh Air Pollution Management (BAPMAN). Emission 

inventory training seminar. NILU, 25-29 October 2010. Kjeller, 

NILU (NILU OR, 84/2010). 

http://bapman.nilu.no/LinkClick.aspx?fileticket=AI2RW4t0bVo%3d

&tabid=3331&mid=7822&language=en-US 

  

Mission 3 in Dhaka: 

Randall, S., Sivertsen, B., Ødegård, R., Dam, V.T. (2011b) BAPMAN 

Mission 3: AirQUIS installation & training 22-26 May 2011, Dhaka, 

Bangladesh. Kjeller, NILU (NILU OR, 36/2011). 

http://bapman.nilu.no/LinkClick.aspx?fileticket=4xLRi%2fk%2bS6k

%3d&tabid=3331&mid=7822&language=en-US 

 Mission 5 in Dhaka: 
Randall, S., Sivertsen, B., Dam, V.T., Dauge, F. (2012a) BAPMAN 
Mission 5: Continuous air monitoring operations and advanced 
emissions training. Kjeller, NILU (NILU OR, 26/2012). 
http://bapman.nilu.no/LinkClick.aspx?fileticket=U78azCLfet4%3d
&tabid=3331&mid=7822&language=en-US  

 

 Training 4 at NILU: 

Randall, S., Sivertsen, B., Dam, V.T., Sundseth, K.  (2013a) 

BAPMAN training seminar:  Advanced air quality management and 

health impacts: 25-30 August 2013. Kjeller, NILU (NILU OR, 

09/2014). 

http://bapman.nilu.no/LinkClick.aspx?fileticket=fpPT6s0jL%2bs%3

d&tabid=3331&mid=7822&language=en-US  

http://bapman.nilu.no/LinkClick.aspx?fileticket=AI2RW4t0bVo%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=AI2RW4t0bVo%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=4xLRi%2fk%2bS6k%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=4xLRi%2fk%2bS6k%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=U78azCLfet4%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=U78azCLfet4%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=fpPT6s0jL%2bs%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=fpPT6s0jL%2bs%3d&tabid=3331&mid=7822&language=en-US
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 Mission 9 in Dhaka: 
Randall, S., Dauge, F., Clemetsen, T. (2013b) BAPMAN Mission 9: 
Continuous air monitoring operations and data acquisition 
interface improvements. Kjeller, NILU (NILU OR, 47/2013). 
http://bapman.nilu.no/LinkClick.aspx?fileticket=SGV%2fWf%2fyp3
I%3d&tabid=3331&mid=7822&language=en-US  

 

The project team presented a number of other reports during and after the 
DoE/CASE training period: 

 

Randall, S., Sivertsen, B., Schneider, P., Dam, V.T., Uddin, N., Biswas, W., Saroar, 
G., Rana, M. (2011a) Bangladesh Air Pollution Management Project 
(BAPMAN). Ambient air pollution screening study in Dhaka: 31 January - 15 
February 2011. Kjeller, NILU (NILU OR, 28/2011). 
http://bapman.nilu.no/LinkClick.aspx?fileticket=LO2F8uWKaGk%3d&tabid=33
31&mid=7822&language=en-US  

 
Randall, S., Sivertsen, B. (2012) BAPMAN Mission 4: Project planning and further 

AQ screening. 18-23 February 2012, Dhaka, Bangladesh. Kjeller, NILU (NILU 
OR, 12/2012). 
http://bapman.nilu.no/LinkClick.aspx?fileticket=rQdYfhzmpro%3d&tabid=333
1&mid=7822&language=en-US  

 
Randall, S., Sivertsen, B., Gjerstad, K.I., Dauge, F., Clemetsen, T. (2012b) BAPMAN 

Mission 6: Continuous air monitoring operations and advanced emissions 
training. Kjeller, NILU (NILU OR, 40/2012). 
http://bapman.nilu.no/LinkClick.aspx?fileticket=44USZ5iyjvg%3d&tabid=3331
&mid=7822&language=en-US  

 
Randall, S., Sivertsen, B., Thanh, V.D., Gjerstad, K.I. (2012c) Emission inventory 

and dispersion modelling training seminar NILU, 10-21 January 2012. Kjeller, 
NILU (NILU OR, 01/2012). 
http://bapman.nilu.no/LinkClick.aspx?fileticket=6rImZydrbws%3d&tabid=333
1&mid=7822&language=en-US  

 
Randall, S., Sivertsen, B., Dam, V.T., Sundseth, K., Johnsrud, M., Ahammad, S.  

(2014a) BAPMAN training seminar:  Advanced air quality management and 
health impacts: 25-29 November 2013. Kjeller, NILU (NILU OR, 14/2014). 
http://bapman.nilu.no/LinkClick.aspx?fileticket=20In1IHvL5c%3d&tabid=3331
&mid=7822&language=en-US  

 
Randall, S., Nasiruddin, Md., Rana, M., Sivertsen, B., Dela Cruz, N.  (2014c)  

Contribution of brick kilns to air quality in Dhaka City.  BAPMAN Project 
Deliverable 1.4 and 3.2:  Bottom-up emission inventory and dispersion 
modelling. Kjeller, NILU (NILU OR, 12/2014). 
http://bapman.nilu.no/LinkClick.aspx?fileticket=rQdYfhzmpro%3d&tabid=333
1&mid=7822&language=en-US  

http://bapman.nilu.no/LinkClick.aspx?fileticket=SGV%2fWf%2fyp3I%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=SGV%2fWf%2fyp3I%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=LO2F8uWKaGk%3d&tabid=3331&mid=7822&language=en-US
http://bapman.nilu.no/LinkClick.aspx?fileticket=LO2F8uWKaGk%3d&tabid=3331&mid=7822&language=en-US
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The Table below presents the designed outcomes and additional outcomes for  
Task 3:  
 
Designed Outcomes 
 

Completed? Notes 

Delivery to DOE of state-of-the-art AQM 
and modelling tools 

Yes AQM modelling system AirQUIS 
installed at CASE/DoE (2 clients and 1 
server), see section 3.2.3 above. 

State-of-the-art training, on-the-ground 
practice, and experience in research and 
scenario building applications and system 
maintenance for DoE staff in the daily 
reality encountered in Bangladesh. 

Yes Accomplished through trainings in Task 
1, 2, and 4, sections 3.2.1, 3.2.2, and 
3.2.4 above. 

Maps of air pollution concentrations for 
selected cities (Dhaka and Chittagong), 
maps and tables of source sector 
contributions to pollution levels, and 
proposals for control strategies. 

Yes, with 
exceptions 

Exception is that pollution 
concentration maps were only 
produced for Dhaka, as there was too 
little information to perform similar 
investigation for Chittagong. Additional 
exception is that there was a minimal 
discussion of control strategies; it is 
hoped that future joint manuscripts 
which have preliminarily been built-up 
between NILU and CASE/DoE during 
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this project can focus on this subject. 

NILU gains experience in the reality of 
application of dispersion modelling in 
Asian cities, which is very valuable in the 
planning and execution of future such 
activities. 

Yes Primary focus on dispersion modelling 
of just brick kiln sources; but interesting 
to understand the intense emission 
present, and dispersion upon the urban 
areas. 

Additional Outcomes Completed? Notes 

Installation/training of TAPM model and 
data sets for generation of hourly 
metrology at virtual sites in Bangladesh. 

Yes With the addition of this tool, it can 
make it easier for CASE/DoE to 
generate meteorological data for use in 
AirQUIS. 

Possibility of manuscript based on 

reports 

Preliminary Begin preparing manuscript for journal 
submission based on report results 
(emissions and dispersion). 

 
The designed outcomes from this task were met, where CASE/DoE has received the 
essential tools and associated trainings to complete the necessary tasks for 
management of monitoring data, emissions inventory, and dispersion modelling. 
 
It should be noted that based on the outcome examining the concentrations and 
related dispersion of brick kiln emissions in Dhaka, it is important that the project 
quantified the brick kiln sector contribution to reduced air quality in the city, and that 
CASE/DoE has a good understanding of this examination process.  In addition, it 
should not be overlooked that the concentrations of SO2, PM10 and PM2.5 are fairly 
sever during certain meteorological conditions in certain communities on the west 
side of the city, as identified in the project deliverables. 



57 

NILU OR 46/2014 

 

 

References 
 

Randall, S., Sivertsen, B., Ødegård, R., Dam, V.T. (2011b) BAPMAN Mission 3: 
AirQUIS installation & training 22-26 May 2011, Dhaka, Bangladesh. Kjeller, NILU 
(NILU OR, 36/2011). 

 

Randall, S., Nasir Uddin, Md., Sivertsen, B., Dam, V.T., Dauge, F., Marsteen, L., 
Sundseth, K., Clemetsen, T., Ødegård, R.Å. (2015) Bangladesh Air Pollution 
Management:  Overview of BAPMAN project outcomes. Kjeller, NILU (NILU OR, 
1/2015). 

 

Sivertsen, B., Larssen, S., Laupsa, H., Marsteen, L. (2006) Air Quality Management 
Project, Dhaka, Bangladesh, 2006. Final report. Kjeller, NILU (NILU OR, 53/2006). 

 
Sivertsen, B., Randall, S., Marsteen, L. (2010a) Bangladesh Air Pollution 

Management (BAPMAN). Mission 1 report. Dhaka, 27 July - 6 August 2010. 
Kjeller, NILU (NILU OR, 62/2010). 

 
Sivertsen, B., Marsteen, L. (2010b) BAPMAN. Air quality monitoring and 

management. Presented at Air quality management and monitoring seminar. 
Dhaka, 3 August 2010. Kjeller, NILU (NILU F, 19/2010). 



58 

NILU OR 46/2014 

 





 

 

 

 
REFERENCE: O-111901 
DATE: MAY 2015 
ISBN: 978-82-425-2720-2  (print) 

 
 
 
NILU is an independent, non-profit institution established in 1969. 
Through its research NILU increases the understanding of climate 
change, of the composition of the atmosphere, of air quality and of 
hazardous substances. Based on its research, NILU markets 
integrated services and products within analyzing, monitoring and 
consulting. NILU is concerned with increasing public awareness 
about climate change and environmental pollution. 
 

 


