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Abstract

The scientists of Bangladesh Atomic Energy Commission (BAEC) are monitoring air particulate matter in ambient air, both PM,, and
PM, 5 concentrations since 1996. It was found that the annual average of Pb was 265+549 and 121+209 in 1997 and 2012 respectively. In
1997, the main source of Pb was Pb-gasoline. In July 1999, the Government banned the use of Pb in gasoline. As a result, Pb concentration
in air has decreased. On the other hand, the government has introduced compressed natural gas for vehicles instead of diesel and banned
two-stroke baby taxi from Dhaka city in January 2003. So, the annual PM, 5 and BC concentrations were decreased almost more than half
when the data sets were compared between 1997 and 2012. So it can conclude that the concentration of fine PM and BC do not increase
linearly with the economic development due to policy implementations. These are positive achievements of policy implementations. Now
the government is trying introducing nuclear power plant for power generation and more cleaner and energy efficient technology for brick

production.
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1. Introduction

More than one-third of the population of Bangladesh lives
in cities. It is projected that, by the middle of the century,
more than half of the population of Bangladesh will be
urban-based. Most of the population growth is concentrated
in and around Dhaka, the capital of Bangladesh. Since
1970, it has seen an eightfold increase in population which
stands at more than 12 million, making it the eighth largest
city in the world. It is projected to become the third largest
city by 2020 with a population of approximately 20 million.

Air pollution has become an important environmental
concern globally, especially in urban areas, in view of its
adverse health effects [1]. The concentration of the key air
pollutant mainly Particulate Matter or PM in Dhaka and
other major cities has been steadily increasing in recent
years, with an annual average higher than the World Health
Organization (WHO) guidelines [2].

Air quality monitoring data is a key component to
understand extent of problem and to develop strategies for
reducing air pollution. Ambient air quality monitoring data
provides measurement of concentrations of pollutants in the
air at a specific place over a specified time. This provides
valuable information about how much pollution their is in
the atmospheric air, where the air is most polluted, and
some information about the types of air pollution.

The problem of lead pollution in the capital city Dhaka was
identified in 1980 [3] (by a research group at the Atomic
Energy Centre, Dhaka. They carried out a survey of trace
elements in the whole blood of the adult population of
Dhaka. An average lead level of 550+180 ug 1™ was found in
a selected group of 100 adults. The high level of blood lead
could not be understood as the automobile population was
rather low in Dhaka at that time. The group looked for lead in
food and drinks but no abnormally high levels were found [4-
5]. The problem remained an enigma until 1991 when the
same group noticed high levels of lead in 24 samples of total
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suspended particles (TSP) in air [6]. A study of the size
fractionated (PM,s and PMyg) airborne particulate matter
was carried out again at the Atomic Energy Centre, Dhaka
during 1993-95 [7-10]. The chemical analysis of the
samples clearly identified the presence of high levels of
lead and their origin in gasoline. Correlation between lead
and bromine and source apportionment analysis clearly
proved that most of the fine particle (PM,s) lead were of
gasoline origin.

The results of the 1993-96 studies were highlighted in the
IAEA News Bulletin [11]. This news item was widely
reported both in national and international press. These
reports and work by other groups helped to raise the national
awareness at Government level which ultimately led to total
phase-out lead in gasoline in 1999.

Lead is an environmental toxicant that affects virtually
every system in the human body [12]. In children, lead
decreases intelligence, growth and hearing; cause anemia
and can cause attention and behavior problems [13]. High
levels of exposure to lead can cause severe brain damage or
death. Leaded gasoline is the primary source of lead
exposure in cities in most developing countries. It accounts
for 80-90% of airborne lead pollution in large cities where
it is still used [14]. The removal of lead from gasoline in
the single most effective way to preventing lead poisoning
in children and the key to rapidly eliminating childhood
lead poisoning on a large scale. The successes achieved in
many countries have demonstrated that lead elimination is
feasible and can be carried out through cost-effective,
relatively short-term programs [15].

Gasoline engines contribute to air pollution by emitting
high levels of particulate matter (especially two-stroke
engines), carbon monoxide, nitrogen oxides and volatile
organic compounds. Diesel engines also emit high levels of
particulate matter, nitrogen oxides, volatile organic
compounds and sulfur oxides (sulfur in diesel fuel is high).
The other sources of particulate matter emissions are brick
kiln around Dhaka which mainly operate during the winter
period, resuspension from all the dusty unpaved roads and
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refuse burning by slum dwellers. From source
apportionment studies [16], it was found that about 50% of
particulate matter smaller than 2.2 micron (PM,,) comes
from vehicular emissions (Data source 2001-2002)[17].
Thus, vehicles are believed to constitute the dominant
source of air pollution in Dhaka [16-17]. There are no
power stations, significant industrial sources of emissions,
or nearby desert that may produce particulate pollution.
Therefore, much of the governmental actions to date have
focused on vehicular emission control [18]. Two
pollutants of concern in the 1990s were lead and particulate
matter. Lead was phased out of use in 1999 [19]. With
respect to particulate matter, the government has been
active in addressing significant contribution from two-
stroke engine powered three-wheel vehicles, commonly
known as baby taxies. These little vehicles were gross
emitters, with one baby taxi emitting as much as 10 times
more particulate matter (PM) and hydrocarbons than a
comparable four-stroke vehicle [20-21].

Emissions were normally higher in two-stroke engines
because of the design of the engine. Moreover, the lack of
proper maintenance of these vehicles and the use of low-
grade lubrication oil contribute to higher PM emissions.
Thus, the baby taxies were believed to be a very significant
contributor to air pollution in Dhaka. The effect of
removing baby taxies from the roads and adaptation of
compressed natural gas (CNG) as fuel resulted in a step
reduction in PM pollution.

Prior to September 2002, a large number of two-stroke
engine three-wheelers were used in Dhaka. The number of
vehicles in this class was estimated to be around 65,000,
providing useful point-to-point transportation, but emitting
significant black smoke and hydrocarbons. Emission
inventory calculations showed that these vehicles contribute
to about 40% of the vehicular air pollution for the
particulate matter smaller than 10 micron (PMyg) [22].

Since mid of 1999, Bangladesh Government has taken the
initiatives to reduce air pollution through urban air quality
management plan and strike the carbon market through the
Clean Development Mechanism (CDM). In this report we
will discuss about the correlation between the policies
adaptation and ambient air quality in the city air.

2. Materials and Methods
2.1 Sampling

Samples were collected on 47 mm and 37 mm diameter
Polycarbonate/Teflon filters using GENT/Thermo Andersen
dichotomous samplers through Bangladesh Atomic Energy
Commission (BAEC) from one site and Department of
Environment (DoE) from four sites. BAEC has been
collecting PM samples since 1996 and DoE has been
collecting samples since 2010 [23]. The samplers in each
station were positioned with the intake upward and located
in an unobstructed area at least 30 cm from any obstacle to
air flow and the sampler inlet was placed at a height of 10
m above ground level. BAEC does sampling twice in a
week and DoE does sampling in every third day in a week.
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2.2 Site description and measurement period

Being the capital city of the country, Dhaka is congested
with a large number of motor vehicles, including both
public and private. Many small factories are also located in
and around the city. The CAMS-2 site is at Farm Gate in
Dhaka (latitude: 23.76°N; longitude: 90.39°E). Farm Gate
is characterized as a hot spot site due to the proximity of
several major roadways, intersections and large numbers of
vehicles plying through the area [16]. The site is surrounded
by commercial and semi industrial area. The other sampler
was placed in a semi-residential area (SR) area of Dhaka.
The sampler was placed on the flat roof of the Atomic
Energy Centre, Dhaka (AECD) campus building. It was
found from the source apportionment study that the main
pollutant sources are road dust, soil dust, sea salt, Zn
source, motor vehicle and brick kiln in this site [24].

Chittagong (latitude 22.22°N, longitude 91.47°E) has the
largest port in Bangladesh and has heavy traffic, especially
the central city area covering about 10 km®. A Continuous
Air Monitoring Station (CAMS) is operated in Chittagong
to measure criteria pollutants. The location of the CAMS-3
is in the Chittagong Television Station Campus at Khulshi,
which is on a hilltop about 2.5 km northwest of the
Chittagong downtown area and about 100 meters above the
surrounding area. The major sources were biomass
burning/brick kiln, soil dust, road dust, Zn source
(including two-stroke motorcycles), motor vehicle, CNG
vehicle, and sea salt in the Chittagong aerosol [25].

Rajshahi, a metropolitan city, is situated in the northern
region of Bangladesh (latitude 24.37°N, longitude 88.70°E)
and near the border with India. The location of the CAMS-4
is in Sapura at the Divisional Forest Office. There are few
small industries surrounding the sampling site. The climatic
conditions are very similar to Dhaka. As there is a low
number of industries, apart from brick kilns in Rajshahi
city, it has been found that the contribution of biomass
burning at this site is highest [17]. This biomass burning
contribution may originate from both brick industry,
domestic burning/residential combustion (cooking with low
grade fuels) or from transboundary transport.

Khulna, the third largest city of the country, is situated in
the southern region of Bangladesh (latitude 22.48°N,
longitude 89.53°E) and near the Bay of Bengal. Being
located in a large river delta, it is the second port area of
Bangladesh. The CAM station, CAMS-5, is located at
Samagic Bonayan Nursery and Training Center in Baira
which is about 3 km north of Khulna main town. There are
many small factories near the sampling site (both west and
south sides), which are producing Touchwood, a special
type of fuel, which is made by rice husk and used as fuel for
cooking.

2.3 PM mass and BC analysis

PM mass was measured both in the laboratory of AECD
and the Department of Environment. The PM,s masses
were determined by weighing the filters before and after

exposure using a microbalance [26]. The filters were
equilibrated for 24 h at a constant humidity of 50% and a
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constant temperature (22°C) in the balance room before
every weighing. A Po-210 (alpha emitter) electrostatic
charge eliminator was used to eliminate the static charge
accumulated on the filters before each weighing. The
difference in weights for each filter was calculated and the
mass concentrations for each PM,s and PM;s.1o samples
were determined.

Black carbon (BC) measurements were conducted with a
two-wavelength transmissometer (model OT-21, Magee
Scientific, Berkeley, CA) (In case of DoE). The two-
wavelength  transmissometer measures the optical
absorption of the ambient PM sample at 880 nm (BC) and
370 nm (UVBC) [27]. Certain organic aerosol components
of wood combustion particles have enhanced optical
absorption at 370 nm relative to 880 nm. A calculated
variable, Delta-C signal (UVBC(370nm) — BC(880nm)),
has been suggested as an indicator of wood combustion
particles, but is not a direct quantitative measurement of
their mass concentrations [28-29]. The concentration of
black carbon (BC) in the fine fraction of the samples is
determined by reflectance measurement using an EEL-type
Smoke Stain Reflectometer (In case of AECD laboratory).
Secondary standards of known black carbon concentrations
are used to calibrate the Reflectometer [19].

2.4 Meteorological Conditions

In Bangladesh, the climate is characterized by high
temperatures and high humidity for most of the year, with
distinctly marked seasonal variations in precipitation.
According to meteorological conditions, the year can be
divided into four seasons, pre-monsoon (March-May),
monsoon  (June-September), post-monsoon  (October-
November) and winter (December-February) [30]. The
winter season is characterized by dry soil conditions, low
relative humidity, scanty rainfall, and low northwesterly
prevailing winds. The rainfall and wind speeds become
moderately strong and relative humidity increases in the
pre-monsoon season when the prevailing direction changes
to southwesterly (marine). During the monsoon season, the
wind speed further increases and the air mass is purely
marine in nature. In the post-monsoon season, the rainfall
and relative humidity decreases, as does the wind speed.
The wind direction starts shifting back to northeasterly [31].
The meteorological data used in this study were obtained
from a local meteorological station, located about 2
kilometers north of the CAMS in Dhaka.

3. Results and Discussion

3.1 Decision on banning of leaded gasoline and its
influence on air quality

Air pollution in Bangladesh occurs due to the significant
emissions of toxic matter introduced into the atmosphere
from the use of leaded gasoline. These particles were
situated in agglomerates of auto exhaust emissions [19].
Before 2000, there is substantial amount of Pb in air of
Dhaka city [6, 32]. It was observed particles containing Pb-
halides, most typically Pb-bromide [19]. They indicated the
primary emissions of auto exhausts from vehicles using
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leaded petrol. However, Pb was often associated in the
particles with high sulphur content, which indicated Pb-
sulfates [19]. There is a good relationship between Pb and
Br before banning of Leaded gasoline [19]. There is also a
good correlation between BC and Pb which also support the
emission of Pb from motor vehicles (Fig. 1 & 2). As the
association of Pb in fine fraction is high, it observed that
these relationships show much better in fine samples.
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After the banning of use of Pb-gasoline, the ambient air
quality has improved. There is a sharp decrease of Pb/BC
ratio [19] during that period which proved that the primary
source of Pb was Pb-gasoline. It would be found that there
is no relation between Pb vs Br after the banning of Pb-
gasoline (Fig. 2).

Table 1 shows the annual average of Br, and Pb with
standard deviation. It also contains the ratio of Br/Pb,
Pb/BC and PM,s/PM;o. It was observed that there is a
decreasing trend of PM,s because of several policy
interventions within Dhaka city [33]. It would also be found
that after banning of leaded gasoline in July 1999, the
concentration of Pb has decreased and it continued up to
2000. After that this concentration has increased. This
might be due to use of Pb in the manufacture of pesticides,
fertilizers, in paints and dyes and in batteries and explosives
[34].

Table 1. The yearly mean with standard deviation (ng/m?)
of Br and Pb and the ratio of Br/Pb, Pb/BC and PM, s/PM,

Year Br Pb Br/Pb Pb/BC PM2.5/PM10
ng/m® %
1997 235+21.1 2654549 17.3 1.69 47.5
1998 71.3+44.9 3704644 47.1 144 52.0
1999 28.7+34.5 2254370 21.4 1.64 56.2
2000 7.76+#5.39 106+179 13.1 0.80 56.1
2001 9.33+7.97 130+163 19.6 1.64 41.6
2002 12.8+14.6 227+784 245 2.81 38.2
2003 20.0+39.0 166+467 48.9 2.26 415
2004 13.8+14.1 198+611 45.0 2.57 35.6
2005 26.7420.7 342+732 384 3.63 42.6
2006 18.1+17.9 139+180 28.3 1.87 36.1
2007 21.7+17.6 123+137 595 1.38 37.7
2008 32.2+39.8 100+141 55.3 151 374
2009 46.5+34.4 237+214 305 241 36.9
2010 45.6+15.0 178+113 33.7 1.90 34.9
2011 48.2+21.4 240+204 358 3.90 34.3
2012 16.5+20.5 121+209 41.8 2.71 23.1

It would found that Pb has a tendency to be associated more
with the fine fraction than the coarse fraction [35]. This is
because the Pb particles were formed at high temperature as
part of the vehicle exhaust. However, handling of lead
batteries in preparation for the reclamation of the lead
produces coarse particle lead [36]. It would be found that
after the banning of Pb-gasoline (Fig. 1), there are two
different sources from where Pb may originate. From the
ratio of Pb/BC, it is confirmed that Pb comes from the
discrete sources such as Pb smelter. There is a bit
correlation with the BC (Fig. 3) after banning of leaded
gasoline. As BC also originates from the Pb- smelter, it may
also come from there. There are also Pb-battery recycling
plants in Dhaka. Although, Pb was eliminated from the
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gasoline in Bangladesh beginning in July 1999, there may
be substantial accumulated lead in the dust near roadways
because lead has a very long residence time in surface soil
[35]. In addition, there are Pb weights used on tires to
balance the wheels [37]. They get thrown off and crushed
in traffic, which is also a significant source of coarse Pb.
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Unfortunately, the story of environmental lead in
Bangladesh is still an unfinished story and further decline is
likely to be very slow. There is a substantial amount of
accumulated lead in dust from earlier depositions. Elevated
lead concentrations in the soil reflect this [34]. On the other
hand, Pb is still being used in an uncontrolled manner in
paints and there are also fugitive emissions from battery
and other industries. Therefore it could be found that after
2000 year, the Pb level has shown an increasing tendency
(Fig. 3) and needs to be controlled. It is, therefore, essential
to continue the fight for lowering lead level in air through
the removal of lead in paints and through the control of
emission from suspected industries especially lead based
battery industries by regulatory measures.

3.2 Decision on banning of Two-stroke engine, adaptation
of CNG engine and its influence on air quality

To address air pollution from baby taxies, several activities
were undertaken by the Bangladesh Government under the
air quality management project (AQMP). This project
included auto clinics, promotion of 2T lube oil, and finally,
phased replacement of two-stroke engines with four-stroke
and compresses natural gas (CNG) technology engines. To
implement this phase out, the Ministry of Communications
announced an order banning all two-stroke engine baby
taxies in Dhaka by December 31, 2002. The first phase that
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included most 1995 vintage vehicles or older were to retire
on September 01, 2002. The remaining estimated 6,500
vehicles were retired on December 31, 2002. However,
administrative and other problems led to an unsuccessful
first stage of the phase out of the older vehicles. However,
because of firm Government action, it was possible to
remove all the two-stroke three wheelers from Dhaka city at
the end of December. As a result, there was a dramatic
change in the air pollution situation in Dhaka (Table 2).

Prior to 1999, little effort was made to control vehicular and
industrial emissions. There was no air quality management
system in Bangladesh to tackle air pollution. Only recently
has the government begun to establish regulatory and
institutional frameworks to address urban air quality
problems. In an effort to improve air quality within the
Dhaka city and to ultimately comply with the U.S. EPA as
well as the proposed Bangladesh National Air Quality
Standards, a number of control strategies have been
developed and implemented. To date, the old two-stroke
engine three-wheelers have been completely replaced by
CNG powered four-stroke three-wheelers. New cars now
are equipped with air pollution control devices, CNG-
powered cars have been recently introduced, and industrial
sources are slowly being regulated. As a result of these
implemented control strategies, air quality in Dhaka has
slowly, but steadily improved [38]. It is necessary to sustain
these efforts until the measured air quality is in compliance
with the National Air Quality Standards.

Table 2. Average suspended air particulate matter (APM)
mass and Black carbon (BC) (ng m™) during 1997-2005 in
urban areas of Bangladesh.

Year PMyo PM,s BC (PM;5)
1997 99.14+65.1 44.4+26.9 15.619.4

1998 105+69.7 51.9+33.3 24.9+17.8
1999 126+86.9 64.1+40.0 21.5+18.3
2000 94.94+65.0 47.2428.1 14.748.9

2001 85.2+76.7 30.7+21.7 10.7+£7.6

2002 73.4+47.3 26.0+17.8 8.59+4.84
2003 80.0+45.6 31.7£19.1 9.10£7.30
2004 72.4450.2 23.5+15.3 7.68+6.18
2005 80.91+64.2 29.5+16.1 9.3947.61
2006 103.3+£75.6 35.1+30.4 9.08+5.78
2007 95.5450.3 32.8+15.7 9.71+4.67
2008 106.7+66.3 38.4+28.6 7.59+3.54
2009 119.5+82.6 38.6+£21.5 9.41+5.87
2010 116.0+£80.5 37.3+27.8 10.9+5.00
2011 118.8+70.2 36.7+£18.9 7.70£3.75
2012 86.5+60.9 19.2+20.7 4.20+3.11

It has been observed that fine particulate matter is slowly
decreasing from the previous years due to other
Government policy interventions. The first step was to
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reduce emission through the proper tuning and repairing of
vehicles. This process was begun in 2000. For this purpose,
a series of auto clinics were conducted in which three-
wheelers were checked for emissions free of charge, drivers
were given a simple health examination, and information
was provided to the drivers on how to operate their vehicles
in a manner to minimize emissions. In 2001, the
government took few steps to minimize the smoke
emissions from vehicles by prohibiting the production,
blending, import, and marketing of mineral oil without
additives and set minimal standards for lubricants for two-
stroke and four-stroke engine vehicles. Finally, on January
1, 2003, two-stroke engines, old buses (20 years), and
trucks (25 years) were taken off of the roads.

The results of the source apportionment are given in Table
3 in order to understand the influence of policy adaptation
on motor vehicles. The earliest source apportionment
results (Data sets are 2001-2002) [17] showed that vehicles
normally produced about 50% of fine particles (PM;s
particles). The most recent source apportionment data [31]
(Table 3) shows that the contribution of BC from motor
vehicles has decreased following CNG adoption in 2003. It
has also found that the highest contribution of BC was from
motor vehicles including two stroke engines in 2001 to
2002 [17]. Air quality policy actions were taken for PM as
well as BC emission reductions from motor vehicles. The
source results for the 2005-2006 data showed the reduction
of PM as well as BC. However, the results from 2007-2009
data set shows that the contribution of PM emission has
increased from the previous years. The emission of black
carbon has been reduced compared to previous years. This
result is a positive achievement for the policies adopted by
the Government.

Table 3. Average source contributions derived from the
PMF modeling

Source

Fine PM samples (ug/m°)
2001-2002 2005-2006 2007-2009
Mass BC Mass BC Mass BC
Motor vehicle 716 250 562 038 131 133

Brick kiln 223 137 111 414 563 153
Metal smelters 187 0.00 194 0.53 - -
Sea salt 0.19 0.00 0.60 0.00 2206 0.96
Two Stroke/Zn 175 111 194 107 143 0.87
Soil dust 192 00 274 018 414 035
Road dust 363 163 514 1.09 409 1.00
Compressed - - 230 0.03
Natural Gas

Reconstructed 187 6.61 291 7.38 32.6 5.67
Mass

Measured Mass 221 7.90 305 9.23 36.0 8.26

The GDP growth in Dhaka has been stagnant, but the
growth of motor vehicles continued [39]. As a result the
PM emissions from motor vehicles have increased, but the
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BC emissions have decreased from vehicular sources. CNG
activities is keeping positive role in economy of the
country. Average CNG usage is 92.19 MMCM per month
which is equivalent to 0.065 million liters of petrol/octane.
Bangladesh imports about 1.2 million metric tons of crude
oil along with 2.6 million metric tons of refined petroleum
products per annum. Major consumer of liquid fuel is
transport followed by agriculture, industry and commercial
purpose. Since the price of CNG is much lower than other
fuels, it has been widely adopted. The Government has also
decided to ban motorized rickshaws in many parts of
Dhaka, without improving public transport, walking, and
bicycle riding facilities. As a result, the demand for private
cars has increased. The population growth in Dhaka of
more than 7% per year with an economic growth of about
6% and vehicular growth of more than 10% [40]. There
have also been changes in the nature of the wvehicles
including the reduction in new two-stroke vehicles,
conversion of buses to compressed natural gas, and
retirement of old vehicles.

Now Bangladesh Government is trying to reduce the BC
emission from Brick production sector by adopting green
technology and it is in process now.

4. Conclusion

Bangladesh is a heavily populated country. The Scientists
of BAEC (Bangladesh Atomic Energy Commission) first
found that Pb in the air is due to uses of tetra methyl Pb in
gasoline. Hence the government of Bangladesh decided to
ban use of Pb in gasoline from July 1999. The natural
resource in Bangladesh is very limited (only Gas). With the
increase of the population growth, the cultivation land has
been decreasing. Therefore, people are moving towards the
industry. The most prominence industries are brick industry
and Garment factory where 1/16 people (Total population)
are engaged. The main fuels of brick industry are coal and
wood and for Garment is diesel. Hence particulate matters
(PM) including black carbon (BC) are very high in ambient
air. On the other hand, as diesel emits lots of PM and BC.
Hence Government of Bangladesh promoted use of
compressed natural gas (CNG) in vehicles (Light and
Heavy duty) and run off two stroke three wheeler vehicles
from January 2003. As a result, the concentration of fine
PM and BC does not increase linearly with the economic
development. This is a positive achievement of policy
implementations. Now the government is trying introducing
nuclear power plant for power generation and more cleaner
and energy efficient technology for brick production.

Acknowledgement

The authors thankfully acknowledge the stuffs of AECD
and CASE project, DoE for their assistance and logistics
support.

Vol. 23. No. 1&2. 2014

References

1. HEI, Revised Analysis of Time-Series Studies of Air
Pollution and Health, Special Report, Health Effect
Institute, Boston MA, (2003).

2. WHO, WHO Air Quality Guidelines for Particulate
Matter, Ozone, Nitrogen Dioxide and Sulfur Dioxide,
Global update 2005, WHO/SDE/PHE/OEH/06.02
(2005).

3. AH. Khan, M. Khaliqguzzaman, M.B. Zaman, M.
Hussain, M. Abdullah and S. Akhter, Trace Element
Composition of Blood in Adult Population in
Bangladesh, J. Radioanalytical Nuclear Chemistry 56,
157 (1980).

4. M. Ali, S.K. Biswas, S. Akhter and A.H. Khan,
Multielement Analysis of Water Residue: A PIXE
Measurement, Journal 322 (1985).

5. A.H. Khan, S.A. Tarafdar, M. Ali, S.K. Biswas, S.
Akhter, D.K. Saha, A. Islam, M. Billah, D.A. Hadi and
F.B.A. Maroof, The Status of Trace and Minor
Elements in Bangladeshi Foodstuff, J. Radioanal Nucl.
Chem., 134, 367-381 (1989).

6. M. Khaliquzzaman and S.K. Biswas, Monitoring of
Heavy Metal Pollutants in Air Particulates in
Bangladesh., IAEA (Vienna), Report No-NAHRES, 9,
15-30 (1992).

7. M. Khaliquzzaman, S.K. Biswas, S.A. Tarafdar, A.
Islam and A.H. Khan, Trace Element Composition of
Airborne Particulate Matter in Urban and Rural Areas
of Bangladesh, AECD/AFD-CH, 3-44 (1995).

8. M. Khaliquzzaman, S.A. Tarafdar, S.K. Biswas, A.
Islam and A.H. Khan, Background Air Pollution
Studies in Urban and Rural Areas in Bangladesh,
IAEA-report, NAHRES-26, Vienna, International
Atomic Energy Agency (1995).

9. M. Khaliguzzaman, S.K. Biswas, S.A. Tarafdar, A.
Islam and A.H. Khan (1996), Trace Element
Composition of Airborne Particulate Matter at a Rural
Site in Bangladesh (1993-95), Presented at the RCM
for the Coordinated Research Programme on Applied
Research on Air Pollution using Nuclear Related
Analytical Techniques (Kingston, Jamaica).

10. M. Khaliquzzaman, S.A. Tarafdar, S.K. Biswas, A.
Islam and A.H. Khan, Nature and the Extent of
Airborne Particulate Matter Pollution in Urban and
Rural Areas of Bangladesh During 1993-98, Technical
report AECD/AFD-CH/9-50 (1999).

11. IAEA, Bangladesh studies pollution levels, Journal 11,
11 (1996).

12. CDC, Preventing Lead Poisoning In Young Children:
A Statement by the Centers for Disease Control,
Atlanta, GA: US Department of Health and Human
Services, Public Health Service (1991).

13. ATSDR, Toxicological Profile For Lead, Atlanta, GA:
US Department of Health and Human Services,

34



NUCLEAR SCIENCE AND APPLICATIONS

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Agency for Toxic Substances and Disease Registry
(1999).

M. Lovei, Eliminating a Silent Threat: World Bank
Support for the Global Phase-out of Lead from
Gasoline, Lead Poisoning Prevention and Treatment:
Implementing a National Program in Developing
Countries. Proceedings of the International Conference
on Lead Poisoning Prevention and Treatment, February
8-10, 1999, Bangalore, India: The George Foundation,
pp.169-180 (1999).

M. Kojima and M. Lovei, Environmental Concerns and
Priorities in Urban Air Quality Management. Urban
Air Quality Management: Coordinating Transport,
Environment and Energy Policies in Developing
Countries, Washington, DC; The World Bank, pp. 1
(2001).

B.A. Begum, S.K. Biswas, E. Kim, P.K. Hopke and M.
Khaliguzzaman,  Investigation of Sources of
Atmospheric Aerosol at a Hot Spot Area in Dhaka,
Bangladesh, J. Air and Waste Management
Association, 55, 227 (2005).

B.A. Begum, E. Kim, S.K. Biswas and P.K. Hopke,
Investigation of Sources of Atmospheric Aerosol at
Urban and Semi-Urban Areas in Bangladesh,
Atmospheric Environment, 38, 3025 (2004).

ESMAP, (Energy Sector Management Assistance
Programme), Toward Cleaner Urban Air in South Asia:
Tackling transport pollution, understanding sources
(2004).

S.K. Biswas, S.A. Tarafdar, A. Islam, M.
Khaliqguzzaman, H. Tervahattu and K. Kupiainen,
Impact of Unleaded Gasoline Introduction on the
Concentration of Lead in the Air of Dhaka,
Bangladesh, J. Air and Waste Management
Association, 53, 1355 (2003).

M. Kajima, R.W. Bacon, J. Shah, M.S. Mainkar, M.K.
Chaudhari, B. Bhanot, N.V. lyer, A. Smith and W.D.
Atkinson, Measurement of Mass Emissions from in-use
two Stroke Engine Three-Wheelers in South Asia,
ASAE Technical paper series 2002-01-1681 (2002).

M.M. Rahman, M.J. Abadeen and M.H. Khan, Air
Pollution in Dhaka City: An Overview. International
Seminar on Air Pollution in Dhaka City, Franco-
Bangladesh association of scholars and trainees
(FBAST) (2001).

M. Khaliquzzaman, An Assessment of the Impact of
Removal of Baby Taxis on Air Quality in Dhaka,
Personal Communication, Consultant, World Bank,
Dhaka Office (2003).

B.A. Begum, M. Nasiruddin, S. Randal, B. Sivertsen
and P.K. Hopke, Identification and Apportionment of
Sources from Air Particulate Matter at Urban
Environments in Bangladesh, British J. Applied
Science & Technology 4, 3930 (2014).

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Vol. 23. No. 1&2. 2014

B.A. Begum and P.K. Hopke, Identification of Haze
Creating Sources From Fine Particulate Matter in
Dhaka Aerosol using Carbon Fractions, J Air & Waste
Management Association, 63, 1046-1057 (2013).

B.A. Begum, S.K. Biswas, M. Nasiruddin, A.M.S.
Hossain and P.K. Hopke, Source Identification of
Chittagong  Aerosol by Receptor  Modeling,
Environmental Engineering Science, 26, DOI:
10.1089=ees.2008.0055 (2009).

B.A. Begum, S. Akhter, L. Sarker and S.K. Biswas,
Gravimetric Analysis of Air Filters and Quality
Assurance in  Weighing, Nuclear Science and
Applications, 15, 36 (2006).

A.D. Hansen, H. Rosen and T. Novakov, The
Aethalometer-an Instrument for the Real Time
Measurements of Optical Absorption, Science of the
Total Environment, 36, 191 (1984).

Y. Wang, J. Huang, T.J. Zananski, P.K. Hopke and
T.M. Holsen, Impacts of the Canadian Forest Fires on
Atmospheric Mercury and Carbonaceous Particles in
Northern New York, Environmental Science &
Technology, 44, 8435 (2010).

Y. Wang, P.K. Hopke, O.V. Rattigan and Y. Zhu,
Characterization of Ambient Black Carbon and Wood
Burning Particles in two Urban Areas, J Environmental
Monitoring, 13,1919 (2011).

A. Salam, H. Bauer, K. Kassin, S.M. Ullah and H.
Puxbaum, Aerosol Chemical Characteristics of an
Island Site in the Bay of Bengal (Bhola-Bangladesh), J.
Environmental Monitoring, 5, 483 (2003).

B.A. Begum, P.K. Hopke and A. Markwitz, Air
Pollution by Fine Particulate Matter in Bangladesh,
Atmospheric Pollution Research, 4, 75 (2013).

M. Khaliquzzaman, S.A. Tarafdar, S.K. Biswas and
A.H. Khan, Analytical Quality Assurance in Trace
Element Analysis using Different Techniques in the
Bangladesh Atomic Energy Commission, Paper
presented at: Int. Symp. on Harmonization of Health
Relader Environmental Measurements using Nuclear
and Isotopic Techniques (Hydrabad, India, IAEA).

B.A. Begum, S.K. Biswas and P.K. Hopke, Impact of
Banning of Two Stroke Engines on Airborne
Particulate  Matter  Concentrations in  Dhaka,
Bangladesh, J. Air and Waste Management
Association, 56, 85 (2006).

F. Ahmed and H. Ishiga, Trace Metal Concentrations in
Street Dusts of Dhaka City, Bangladesh, Atmospheric
Environment, 40, 3835 (2006).

T.M. Young, D.A. Heeraman, G. Sirin and L.L.
Ashbaugh, Resuspension of Soil as a Source of
Airborne Lead Near Industrial Facilities and Highways,

Environmental Science & Technology, 36, 2484
(2002).
G.E. Glover, P.K. Hopke, S.J. Vermette, S.

Landsberger and D.R. D'Auben, Source Apportionment

35



NUCLEAR SCIENCE AND APPLICATIONS

37.

38.

With Site Specific Source Profiles, J Air Waste
Management Association, 41, 294 (1991).

R.A. Root, Lead Loading of Urban Streets by Motor
Vehicles Wheel Weights, Environmental Health
Perspective, 108, 937 (2000).

B.A. Begum, S.K. Biswas and P.K. Hopke, Temporal
Variations and Spatial Distribution of Ambient PM,,
and PM,,;, Concentrations in Dhaka, Bangladesh,
Science of the Total Environment, 358, 36-45 (2005).

39.

40.

Vol. 23. No. 1&2. 2014

BRTA (Bangladesh Road Transport
www.brta.gov.bd (2010).

S. Nasrin, J.M. Bunker and M. Miska, Factor Effecting
Motor Vehicle Growth in Dhaka, 1st International
Conference & Exhibition of Woman Engineer, 20-22
November, 2011, Bukit Gambang Resort City,
Kuantan, Pahang (2011).

Authority),

36



