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Abstract Brick manufacturing is the fastest-growing indus-
trial sector in Bangladesh and among the top three sectors,
along with vehicle exhaust and resuspended road dust, con-
tributing to the air pollution and health problems in Dhaka.
The brick manufacturing in the Greater Dhaka region, from
~1,000 brick kilns spread across six districts, is confined to the
winter season (October to March) as current technologies do
not allow production during the monsoon. The total emissions
are estimated at 23,300 t of PM2.5, 15,500 t of sulfur dioxide
(SO2), 302,000 t of carbon monoxide (CO), 6,000 t of black
carbon, and 1.8 milliontons of CO2 emissions from these
clusters, to produce 3.5 billion bricks per year, using energy-
inefficient fixed chimney bull trench kiln technology and
predominantly using coal and agricultural waste as fuel. The
associated health impacts largely fall on the densely populated
districts of Dhaka Metropolitan Area (DMA), Gazipur, and
Narayanganj. Using the Atmospheric Transport Modeling

System dispersion model, the impact of brick kiln emissions
was estimated over DMA—ranging from 7 to 99 μg/m3 (5th
and 95th percentile concentration per model grid) at an aver-
age of 38 μg/m3; and spatial contributions from the surround-
ing clusters—with 27 % originating from Narayanganj (to the
south with the highest kiln density), 30% fromGazipur (to the
north with equally large cluster spread along the river and
canals), and 23 % from Savar. The modeling results are
validated using evidence from receptor modeling studies con-
ducted in DMA. An introduction of emerging vertical shaft
combustion technology can provide faster benefits for public
health in DMA and reduce climate precursor emissions by
selecting the most influential clusters discussed in this paper.
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Introduction

Dhaka, with more than 15 million inhabitants, is one of the
20 megacities in the world (UN HABITAT 2008) and facing
severe urban air pollution problems. WHO (2011) studied
publicly available air quality data from 1,100 cities, includ-
ing cities with populations of more than 100,000 people.
Based on World Health Organizations assessment, Dhaka is
among the top 20 cities with the worst air pollution.

The Greater Dhaka region, spread over an area of
1,500 km2, includes the districts of Dhaka, Gazipur, Savar,
Dhamrai, Rupganj, Manikganj, Kaliganj, and Narayanganj.
The air quality in the Dhaka city has deteriorated over the last
decade due to a rapid change in the vehicular fleet, increased
congestion, and a large increase in the industrial activity,
resulting in mortality and morbidity impacts (World Bank
2006, 2007; WHO 2011). The economic costs associated with
mortality and morbidity due to poor air quality is estimated at
US$500 million per year (World Bank 2006). An overview of
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the measured monthly average PM2.5 concentrations at a
monitoring station near the Sangsad Bhaban (Parliament
House; SB, urban site) and another station located at the
Atomic Energy Center (Dhaka; AECD, campus site) are pre-
sented in Fig. 1 (PM2.5 refers to the particulate matter (PM)
with aerodynamic diameter less than 2.5 μm). The average
concentration of PM2.5 due to all sources is 100 μg/m3at SB
and 30 μg/m3at AECD; much above the health guidelines of
10 μg/m3 prescribed by the World Health Organization and
Bangladesh national ambient air quality standard of 15μg/m3.

In the Dhaka city, emissions from vehicle exhaust (motor-
cycles, aged busses, three-wheeler passenger vehicles, passen-
ger cars, commercial vans, and freight trucks), resuspended
road dust (due to the vehicular movement), and industries are
dominant (Hasan and Mulamoottil 1994; Azad and Kitada
1998; Begum et al. 2006, 2008, 2011). Among the industries,
brick kiln emissions form a major source of pollution mea-
sured over the Dhaka Metropolitan Area (DMA). The contri-
bution of brick kiln emissions to the ambient air quality is
estimated from the source apportionment studies conducted in
2001–2002, 2005–2006, and 2007–2009 (Begum et al. 2006,
2008, 2011). In these studies, the filter samples were analyzed
for chemical markers, relevant for various sectors like motor
vehicle exhaust, coal and biomass burning in the brick kilns,
resuspended road dust, domestic fuel burning, and industries.
These receptor modeling studies estimated an average contri-
bution of 30–40 % originating from brick kilns to total ambi-
ent 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 (Billah Ibn Azkar et al. 2012).

In Bangladesh, the brick kiln industry is one of the
fastest-growing sectors, supporting the booming infrastruc-
ture and construction industry, with current manufacturing
capacity of 12 billion bricks a year from 4,500 brick kilns
surrounding all major cities of Dhaka, Khulna, Rajshahi,
and Chittagong, and expected to grow 50 % by 2020 (World

Bank 2007; UNDP 2011). To support an effective urban air
quality management in Dhaka and in other cities in Bangladesh,
there is limited understanding of the movement of the kiln
emissions and contributions attributable to various brick kilns
clusters. Given the uncertainties and deficiencies in the source
apportionment studies (Johnson et al. 2011), which assess con-
tributions to a certain location, qualitatively and quantitatively,
results from emissions and dispersion modeling can further
support and compliment the need for an integrated urban air
quality management (Hidy and Pennell 2010). Dispersion of
the pollutants is especially important for policy makers, since
any air quality management policy generally targets the emis-
sions and the policy induced changes in the spatial and temporal
distribution of the emissions can have a large impact on the
ambient concentrations and interlinked health impacts.

A very few studies have addressed the dispersion of air
pollutants in Dhaka and fewer for the brick kiln emissions
from the clusters in the Greater Dhaka region. With this
background, in this paper, we studied the impact of emis-
sions from brick kiln surrounding DMAvia dispersion mod-
eling of particulate pollution, with supporting information
from ongoing source apportionment studies, and discuss
possible interventions to benefit Dhaka’s air quality.

Inputs and methods

Brick kiln clusters

In the Greater Dhaka region presented in Fig. 2, ~1,000 brick
kilns were mapped in the vicinity of DMA. The location of the
brick kilns, in the six districts surrounding DMA were digi-
tized using the visual images from Google Earth and physi-
cally verifying the location of some clusters. Most of these
kilns are located along the intracity canals linking the rivers,
which also serve as the arteries for transporting rawmaterial to
the kilns and delivery of the finished product to the distribu-
tion and construction sites. A composite of the Google Earth

Fig. 1 Monthly average
ambient PM2.5 concentrations
(micrograms per cubic meter)
measured near Sangsad Bhaban
(SB, traffic junction) and at the
Atomic Energy Center (AECD,
campus); the average
concentrations are segregated
between brick manufacturing
season (October to March) and
the remaining months
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image of a kiln cluster in Narayangunj is also presented in
Fig. 2. The particulate pollution modeling domain extends
from 89.7 to 90.8 °E in longitude and 23.3 to 24.4 °N in
latitude at a grid resolution of 0.02°, subdivided into 55×55
grids in longitude and latitude.

The largest clusters are located in Gazipur (~320) and
Narayanganj (~270), followed by Savar, Dhamrai, and
Kaliganj, each with over 100 kilns, and Rupganj with
less than 100 kilns. The brick manufacturing in
Bangladesh is dominated by small individual operators,
each consisting of 200–300 daily wage workers per
kiln, employed on a seasonal basis. Most of these are
conventional fixed chimney bull trench kilns (FCBTK),
which are relatively more polluting and energy-inefficient
when compared to the newer, cleaner technologies,
e.g., Hoffmann kilns, high draft kilns, or vertical shaft
brick kilns (CAI-Asia 2008; World Bank 2010). A
summary of various kiln technologies and comparison
to in-use FCBTK is presented in Table 1. Of the
technologies listed in Table 1, FCBTK is the most
common technology and only the vertical shaft tech-
nology is under pilot stage (World Bank 2010). Due to
the lack of information on the brick manufacturing
rates by individual kiln, an average production rate of
20,000 bricks per day is assumed per kiln (World Bank
2007). Since all the kilns are following same design
framework for heating and stacks, the assumption of an

average production rate per stack was a reasonable for esti-
mating the final emissions.

Combustion emissions

Brick kilns are primarily associated with PM, CO, SO2,
volatile organic compounds, nitrogen oxides (NOx), and
heavy metals depending on the type of fuel burnt. In this
study, a combination of local surveys (World Bank 2007)
and recent measurement campaigns (Maithel et al. 2012) are
utilized to estimate activity based combustion emissions.
Maithel et al. (2012) is the first set of measurements in
South Asia to quantify the emission factors for brick kilns
in the Indo-Gangetic plains. While these factors cannot be
translated and used directly for the brick kilns in Dhaka, due
to variations in the fuel mix between India and Bangladesh,
they do provide a baseline for comparison given the tech-
nologies in use are similar between the regions.

At the brick kilns in the Greater Dhaka region, the energy
required for baking 100,000 bricks is estimated at 20 t of
coal with a calorific value of 22 MJ/kg and the majority of
the energy needs is supplemented by coal (~80 %) and
occasional use of biomass (~10 %) and heavy fuel oil
(~10 %; World Bank 2007). For comparative purposes, in
India, most of the kiln clusters are located closer to the
agricultural areas, which results in a higher portion of field
residue available for combustion at the kilns. A majority of

Fig. 2 Modeling domain cover-
ing the Greater Dhaka region,
along with the location of the
brick kiln clusters and monitor-
ing stations (small boxes within
DMA); the Google Earth image
refers to the cluster in
Narayangunj
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the coal used at the kilns in Dhaka is imported from India’s
northeastern states, with an ash content of 20–25 % and sulfur
content of 1.0 % by weight. The use of biomass is limited to
the harvest season when the agricultural residue from the
neighboring lands is acquired at a price lower than that of
coal. However, this is not a sustainable option for the entire
season. The heavy fuel oil is used as a replacement fuel during
the occasional rainy days to avoid using wet coal. No specific
pollution control measures are implemented at the kilns, either
to control SO2 emissions or to settle the total suspended
particulates. The kiln’s chimney extending up to 50 m is
designed to settle most of the heavier particles and release
most of the PM10 and PM2.5 into the flue gas.

World Bank (2007) presents an emissions inventory for the
kilns located north of Dhaka, in the Gazipur district, including a
measured emissions factor of 44.0 g/s for total suspended
particulates, which for an average production rate of 20,000
bricks per day translates to 190 g per brick. GAINS (2010)
presents an average PM10 emissions factor for brick kilns in
Asia as 1,750 t per million tons of bricks, which for an average
weight of 3 kg per brick translates to 5.85 g per brick. Le and
Oanh (2010) measured PM2.5 emissions of 0.64–1.4 g per brick
produced in kilns smaller in design and production capacities
than those available in Dhaka. For the base year 2010, based on
fuel consumption and fuel characteristics data, we estimated
the emission factors in this study, in grams per brick produced
as 6.8 for PM2.5, 9.7 for PM10, 4.6 for SO2, 4.7 for NOx, 90.0
for CO, 520 for CO2, and 2.8 for black carbon (BC).

Modeling pollutant concentrations

Previously, dispersion models were utilized under varying
conditions to evaluate air pollution at regional and urban

scale. To characterize the movement of brick kiln emissions,
the Atmospheric Transport Modeling System (ATMoS) dis-
persion model—a forward trajectory Lagrangian Puff-
transport model (Calori and Carmichael 1999) was utilized.
The model was previously utilized to study regional and
urban scale pollution management in Asia for sulfur, nitro-
gen, and PM pollutants (Guttikunda et al. 2001, 2003;
Holloway et al. 2002; Li et al. 2004; Guttikunda and
Gurjar 2012). ATMoS is a modified version of the USA
National Oceanic Atmospheric Administration, Branch
Atmospheric Trajectory model (Heffter 1983). The layers
include a surface layer, boundary layer (designated as the
mixing layer height), and a top layer. The multiple layers
allow the model to differentiate the contributions of diffused
area sources like transport and domestic combustion emis-
sions and points like brick kilns and power plant emissions.
The model has flexible temporal and spatial resolution
and can be run for periods ranging from 1 month to a
year and from regional to urban scales and including
chemical mechanism to convert SO2 to sulfates and
NOx emissions to nitrate concentrations, which are
added to the PM2.5 totals as part of the secondary contribu-
tions (Guttikunda et al. 2003).

For the domain presented in Fig. 2, the dispersion modeling
was conducted for a period of 6 months, corresponding to the
brick manufacturing season—for the months of October to
March. The manufacturing season corresponds to the nonmon-
soonal season with less precipitation. A typical precipitation
pattern, along with wind speed, wind direction, and mixing
heights, from the years2004, 2006, and 2008 is presented in
Fig. 3. This meteorological data utilized for ATMoSmodel sim-
ulations is obtained from National Centers for Environmental
Prediction reanalysis (NCEP 2012). The ATMoS model

Table 1 Comparison of technical and operational benefits and constraints of current and alternative brick manufacturing technologies available in
Bangladesh

Technology Fuel consumed
per 100,000 bricks

Average tons of CO2 produced
per 100,000 bricks

Average reduction in PM
emissions compared to
FCBTK (%)

FCBTK 20–22 t coal 50

Zigzaga 16–20 t coal 40 40

Hoffmannb 15,000–17,000 m3 NG 30 90

Hoffmannc 12–14 t coal 30 60

VSBKd 10–12 t coal 25 60

The table is a summary of information presented in World Bank 2007

FCBTK fixed chimney bull trench kiln, NG natural gas, VSBK vertical shaft brick kiln
a Some zigzag pilot kilns are in operation, listed as poor to medium performance. Any improvement in the efficiency of operations can lead to
further reductions in coal consumption
bManufacturing period for Hoffmann kilns is round the year, compared to the six month operations for the other kilns; thus increasing the land and
raw material requirements; Link to natural gas grid and continuous supply is a major constraint
c Initial investments are higher for Hoffmann kilns
d Operational models are available in India and Kathmandu (CAI-Asia 2008)
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produces monthly average concentrations as output and then
convertedtoseasonalaveragesforfurtheranalysis.Thedispersion
modeling was conducted for PM2.5 fractions only, given the
propensity of this fraction to penetrate further into the human
lungs and result in exacerbated respiratory and cardiovascular
diseases and, in some cases, leading to premature mortality
(HEI 2004, 2010).

Results and discussion

Pollutant emissions

The total emissions from the brick kilns located in the
six districts are estimated at 33,100 t of PM10, 23,300 t
of PM2.5, 15,500 t of SO2, 16,100 t of NOx, 302,000 t
of CO, and 6,000 t of BC per year. The total emissions
by district clusters are presented in Table 2. For conve-
nience, only the PM2.5 shares are presented in the table
and the shares are the same for other pollutants. The
brick production rates varied from 10,000 to 45,000 per

day per kiln depending on their manufacturing capacity
and availability of raw material and labor. For the
clusters around DMA, during the operational season,
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Fig. 3 Wind speed andwind direction for theDhaka domain at 6-h interval for themonths of October toMarch;monthly precipitation totals (mm/month); and
daily average mixing height (meters) estimated from National Centers for Environmental Prediction (NCEP) reanalysis data for years 2004, 2006, and 2008

Table 2 Estimated emissions from the brick kiln clusters in the Great-
er Dhaka region

Kiln clusters No. of
kilnsa

Select box
area (km2)b

Total PM2.5 emissions
(tons/year)a, c

Dhaka (DMA) 0 400

Savar (S) 120 400 2,850 (12 %)

Dhamarai (D) 80 750 1,900 (8 %)

Gazipur (G) 320 675 8,500 (37 %)

Kaliganj (K) 90 675 2,150 (9 %)

Ropganj (R) 50 325 1,250 (5 %)

Narayanganj (N) 270 380 6,700 (27 %)

a Numbers are rounded and all the kilns are tagged to cluster regions
b For the boxes drawn in Fig. 4 over each district
c Numbers is the bracket indicate the percentage of district emissions to
the total domain emissions from brick kilns
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the manufacturing averages to 3.5 billion bricks per year
consuming 1.0 million tons of coal and producing 1.8
million tons of CO2. The spatial spread of the emissions
follow the density map presented in Fig. 2 with highest
densities observed over Gazipur and Narayanganj. We
acknowledge the spatial uncertainty associated with the
production rates and related emissions by region and by
kiln. However, since all the kilns in the region are designed in
similar fashion, this allows for averaging the energy con-
sumed per brick produced and thus the emissions by grid.

Modeled particulate pollution due to brick kiln emissions

The modeled brick manufacturing seasonal average PM2.5

concentrations are presented in Fig. 4a. The averaging sea-
son corresponds to the brick manufacturing months from
October to March. It is important to note that modeled
concentrations are due to brick kiln emissions only and does
not include emissions like those from vehicle exhaust, road

dust, industries, or domestic fuel combustion. For analytical
purposes, each of the six districts surrounding DMA is
boxed to the area covering the location of the kilns in that
province. A summary of the modeled concentrations due to
these emissions is presented in Table 3. The modeled con-
centrations of PM2.5 over DMA ranged from 7 to 99 μg/m3

over the 6-month period (the range indicates the 5th and
95th percentile concentration per model grid) at an average
of 38 μg/m3.

Also presented in Table 3 are the concentration ranges
modeled for each of the boxed regions. The variation in the
concentrations is primarily due to the selection of a large
area around each district cluster. For the boxed regions in
Fig. 4, the modeled data is extracted by grid (~2×2 km2) to
estimate the range of modeled concentrations. The contribution
of the brick kilns in the respective regions is proportional to the
number of the kilns located in the vicinity, except for DMA,
which is surrounded by regions with kilns and experiences
dispersed pollution. The Narayanganj (N) area with the highest

Fig. 4 Modeled PM2.5 (micrograms per cubic meter) concentrations averaged over a manufacturing season, b October–November, c December–
January, and d February–March over the Greater Dhaka region
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density of kilns and closet to DMA experiences averages as
high as 120 μg/m3 (and 180 μg/m3 in December and January)
of PM2.5 from brick kilns emissions alone, which is already
above the WHO guidelines for exposure risks.

Bi-monthly average PM2.5 concentrations clubbed as
October–November, December–January, and February–
March were analyzed for seasonal patterns (Fig. 4).
The average concentrations modeled for the months of
December and January, presented in Table 3, is at least
two times higher than the seasonal averages. The
monthly averages of PM2.5 measured (due to all sour-
ces) at the two monitoring stations (Fig. 1) also ob-
served peaks in December or January. At the Sandsad
Bhaban, PM2.5 concentrations averaged 168±35 μg/m3

between 2002 and 2008 and peaking at 230 μg/m3 in
January, 2008. The peak concentrations also increased
from 130 μg/m3 in 2004 to 230 μg/m3 in 2008; an
indication of the growing demand for the fired bricks,
increase in the operational kilns, and booming demand
in the construction industry. The peaks in concentrations
are also partly due to slow moving winds in December
and January, which are known to enhance unfavorable
dispersion characteristics and exacerbate the ground-
level concentrations (Guttikunda and Gurjar 2012).

The source apportionment studies estimated an average
contribution of 30–40 % originating from the brick kilns
(Begum et al. 2006, 2008, 2011). This was used as proxy to
compare the modeled concentrations in Fig. 4 to the measured
PM2.5 concentrations in Fig. 1. The PM2.5 monitoring data is
also split between the brick manufacturing season and the
remaining months, which present a distinct change in the
pollution trends, coinciding with the brick manufacturing
cycles. On the basis of the source apportionment results, the
seasonal average measured PM2.5 concentration of 140 μg/m

3

at the Sangsad Bhaban translates to 42–56 μg/m3. The site at
the Atomic Energy Center in Dhaka located on campus is
deemed a background site for monitoring activities, experi-
enced a seasonal average PM2.5 concentration of 50 μg/m3,
with limited exposure to vehicle exhausts. For the boxed
region covering DMA, we modeled an average concentration

of 38 μg/m3 due to the emissions from brick kiln clusters
(Table 2).We did not make point to point comparison between
measured and modeled concentrations, due to limited moni-
toring activities carried out in DMA. In Fig. 1, though we split
the averages to brick manufacturing and nonmanufacturing
months, this is in noway concluding that emissions from other
sources are contributing any less to the growing PM pollution
in the city.

Provincial apportionment of particulate pollution to DMA

The emissions from the low-lying sources like vehicle ex-
haust and the domestic fuel use are fairly constant over all
months of a year and confined to the city limits, and thus
contribute more to the locally attributable pollution levels.
However, the brick kilns, spread across the Greater Dhaka
region are operated with a stack height of 50 m each and
capable of transporting the emissions to larger distances as it
is evident in the monitoring data presented in Fig. 1 and the
modeled concentrations presented in Fig. 4. While the
source apportionment is a resource to estimate the contribu-
tion of brick kilns to a particular location (where the mon-
itoring is conducted), they fail to assess the spatial origin of
the pollution. This is especially difficult when all the kilns
(irrespective of their location) are operating with similar fuel
characteristics and the receptor modeling depends on the
fuel characteristics to apportion pollution loads. An added
advantage of dispersion modeling is the spatial allocation of
the emissions and tagging the sources to estimate contribu-
tions to a select location. In this study, the emissions from
kilns are tagged by source (for the boxes presented in Fig. 4)
and aggregated to estimate the percentage contributions to
DMA and to the monitoring stations, presented in Fig. 5.
The highest contributions to DMA originate from the kilns
in Narayanganj (N) and Gazipur (G), 27 and 30 %, respec-
tively. Though the density of kilns in Savar (S) is not a large
as those in Narayanganj and Gazipur (11 % of the total
emissions compared to 25 and 30 %, respectively), due to
the proximity of kilns in Savar and favorable winds (Fig. 3),
contribution of these kilns is also substantial at ~23 %.

Table 3 Model average PM2.5

concentrations due to brick kiln
emissions in the Greater Dhaka
region

District Seasonal 5th And 95th
percentile (average)
(μg/m3) concentrations

Dec–Jan 5th and 95th
percentile (average)
(μg/m3) concentrations

Percentage contributions
to seasonal averages
over DMA (%)

Dhaka (DMA) 7–99 (38) 8–161 (56)

Savar (S) 3–59 (19) 3–85 (27) 23

Dhamarai (D) 1–30 (8) 1–39 (12) 10

Gazipur (G) 3–91 (28) 4–134 (40) 30

Kaliganj (K) 3–55 (21) 4–63 (28) 3

Ropganj (R) 8–79 (31) 12–96 (43) 7

Narayanganj (N) 4–134 (34) 4–186 (41) 27
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In the districts, the contribution of in situ kilns is the
highest, as expected, followed by those originating from the
neighboring provinces. Gazipur was identified as one of the
troubled hotspots which contributed the most to Dhaka’s
poor air quality. Similar to DMA, Gazipur is also densely
populated and experiences the highest pollution exposure
problems (World Bank 2007).

Similar to the boxes drawn over the districts to calculate
respective contributions, we extracted concentrations over
3×3 grid cells surrounding the monitoring station, with the
central grid corresponding to the location of the station. The
percentage contributions to PM2.5 pollution estimated at
these locations is presented in Fig. 5. The AECD (campus
site) is more centrally located in DMA (Fig. 2) and thus
experiences pollution from all the neighboring districts.
These concentrations averaged 37 μg/m3 over the brick
manufacturing months with most originating from Savar
(32 %), Gazipur (21 %), and Narayanganj (26 %). The
Sangsad Bhaban is located to west of DMA, averaged
32 μg/m3, and being closer to Savar district boundary,
experienced the most pollution (61 %) from here.

Summary and implications

Brick kilns are thought to be a major source of rural and
urban air pollution throughout South Asia. Few studies have
rigorously analyzed this issue and fewer have measured the
emissions factors and/or modeled their contribution to the
ambient particulate pollution levels in and around the cities
in South Asia. This study marks one of the first to do so—in
both mapping the kiln clusters and modeling the particulate
pollution for the Greater Dhaka region. Given the nature of
an unorganized form of this sector, we believe that the
uncertainties in estimating the fuel consumption patterns,
production cycles, and emission rates is unavoidable; yet it
is important to raise the necessary scientific awareness on a
growing sector and highlight their contributions to air qual-
ity and climate precursors.

The energy and environmental consequences are already
evident in the daily monitoring data in DMA. In this paper,
we modeled emissions and dispersion of pollution from

these kiln clusters and estimated the percentage contribu-
tions of various clusters to DMA. The main conclusion of
this study is the spatial apportionment of brick kiln pollution
in DMA, with majority originating from three clusters—
Narayanganj (to the south with the highest kiln density),
Gazipur (to the north with equally large cluster spread along
the river and canals), and Savar (to the west with winds
favoring the movement of pollution towards the city). An
introduction of the emerging technologies can provide faster
benefits to air quality and public health by selecting the most
influential clusters in the region.

Given the severity of the pollution observed during
the 6-month period of October to March, especially
during the months of December and January, when the
brick manufacturing is at its peak, there is an acute need to leap
frog from the outdated and inefficient FCBTK technology and
introduce newer and cleaner technologies like zigzag (high and
natural) draft kilns, hoffmann kilns, tunnel kilns, and vertical
shaft brick kilns (Zhihong 1997; World Bank 2010). From
Table 1, at least 40 % reduction in the PM emission rates is
possible by shifting away from the currently in use FCBTK
technology; which based on the average concentrations in
Fig. 4, translates to a reduction of 20 μg/m3 of ambient
PM2.5. World Bank (2010) and UNDP (2011) are working with
the regional bodies and kiln owners in Bangladesh to pilot and
promote one of the emerging technologies (vertical shaft brick
kilns) in Dhaka. The combination of energy savings and reduc-
tion in pollution is a win–win situation, in which industry
benefits because of savings in energy costs and the city benefits
because of reduction in health impacts.

Addendum

The potential for combined benefits for health and climate, by
controlling the climate precursors like CO2 and BC is an
emerging science. Since anthropogenic climate change is large-
ly driven by fossil fuel combustion (IPCC 2007), analysis of
emissions also provides insight into climate forcing and asso-
ciated mitigation strategies. In 2010, the kiln clusters surround-
ing DMA manufactured 3.5 billion bricks, consuming 1.0
million tons of coal, and producing an estimated 1.8 million

DMA SB AECDFig. 5 Average contribution of
brick kiln emissions by district
to seasonal average PM2.5

concentrations modeled over
Dhaka metropolitan area and
around the monitoring stations
at Sangsad Bhaban (SB) and
Atomic Energy Center (AECD)
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tons of CO2 and 6,000 t of BC emissions. BC, a subfraction of
particulate matter, also plays a role in altering climate forcing
(Ramanathan and Carmichael 2008), and efforts to limit BC
emissions from the brick kilns have a dual benefit in reducing
health costs associated with exposure to this pollutant and
limiting climate forcing impacts (Shindell et al. 2012).

From a broader perspective, use of monitoring and model-
ing approaches to build an effective source-based air quality
management plans is vital for clean air and better health. The
capacity to conduct top-down receptor modeling to identify
the percent contributions of emissions in the cities and
bottom-up inventory and dispersion modeling studies to iden-
tify the pollution origins, is an acute need for most of the cities
in Asia. With proper training and capacity building (technical
and financial) to conduct such studies, in-country implemen-
tation of these methodologies can make a valuable contribu-
tion to urban air quality management and to the climate policy
community, given the potential for controlling the short-lived
climate forcers from sources like the brick kilns.
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