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ABSTRACT

Air pollution is considered as a threat to the environment in the developing countries. This study aims to quantify
the concentration of PM, s with relation to mode of transportation in the different areas of the Dhaka city. For this,
the concentration of PM, s was measured in ambient air with Ecotech Mini 2.5 Sampler and traffic volume survey
was conducted in 12 sites across the city in August 2017. The study found that PM, 5 concentrations in mixed and
motorized areas were on average higher than non-motorized and vehicle-free area. The maximum concentration
of PM, s was found in Mirpur-10 (172.2 p g/rn3) while minimum concentration was in B.C. das street (40 p g/m3).
This study concluded that increasing the number of vehicles is one of the major sources of pollution of air in
Dhaka city. Hence, well-developed public transportation service instead of the private car may contribute to
reducing the air pollution in Dhaka city.
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INTRODUCTION

The capital Dhaka located in a central geographical
position of Bangladesh that accommodates about 10%
of the nation’s population. The mass influx of
domestic migration from rural areas for pursuing
economic opportunities or in response to climate and
environmental disturbances is leading the city as one
of the world’s fastest growing megacities with a total
population of 18.94 million (Dhaka Population, 2019).
While being a potential global leader and modern
economic hub of Bangladesh, it is experiencing
tremendous overcrowding, extensive slum housing and
poor sanitation due to lack of infrastructure, formal job
opportunities and social services. With these, pollution
comes as a byproduct and air pollution is the worst of
them all.

Since development must keep going in the country, an
air pollutant is increasing in the atmosphere with these
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developmental activities due to the rapid rising of
motor vehicles emissions, biomass burning, lead-acid
batteries processing, and paint pigment production
which is transported and floated as fine particles (Rouf
etal.,2011; Begum et al., 2006; Ahmed et al., 2016).

The government of Bangladesh along with some non-
governmental organizations has taken initiatives to ban
the 2-stroke wheeler in 2002 and afterward it helps to
improve the quality of air (Ahammad et al., 2010). It
was then a successful step since the air quality
improved drastically at that time but the present the
situation of air quality is too worse to meet the
Bangladesh and WHO standard (Ahmed et al., 2007,
Begum et al., 2007; Rahman, 2005). Different types of
construction activities, diesel run transportation
system, trash burning, brick kilns, and industrialization

are the major causes of air pollution here (Nayeem,
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2018). Due to the presence of hundreds of brick kilns
in and around the Dhaka district, air pollution in
Dhaka metro becomes the worst one during the winter
season in each year (Ahmed and Hossain, 2008;
Nayeem, 2018). Razib et al., 2019 showed in one of
his work, the average hourly Air Quality Index score
for PM, 5 in Dhaka for all the year round of 2017 and
there the maximum number of hours which is 2714
was considered as “Unhealthy”.

Air pollution has a severe impact on human health,
wildlife, climate, agriculture, and the natural
ecosystem (Haque et al, 2017; Salam et al., 2008;
Molina and Molina, 2004; Ahmad T. et al., 2018;
Molina et al., 2004). A number of epidemiological
studies have identified a strong relationship between
Particulate Matter and mortality and morbidity (Perez
and Reyes, 2002; Lin and Lee, 2004; Namdeo and
Bell, 2015). Air pollution is one of the top risk factors
of death and disability worldwide. It has been
estimated that, air pollution was fifth-ranked mortality
risk factor globally in 2017 and was associated with
about 4.9 million deaths and 147 million years of
healthy life lost (HEL 2019). In Bangladesh, ambient
and indoor PM,s is one of the substantial
environmental risk, causing about 21% of all deaths
while Bangladesh are the leading country compare to
other south Asian countries in terms of air pollution
(World Bank, 2018).

Being city of a middle-income country Dhaka
15,000 early deaths
pulmonary, respiratory and neurological illness caused
by low air quality (Ahmed et al., 2016). According to
World Bank's Country Environmental Analysis (CEA)
2018 report, air pollution directs causes to deaths of
46,000 people in yearly in Bangladesh. Ministry of
Health and Family Welfare that, the
concentration of lead in blood (PbB) among the
residents of the urban areas have reached alarming

experiences along with a

found

levels by exceeding the maximum tolerable limit of 10
pg/dL recommended by WHO (Hossain and Easa,
2012). Furthermore air pollution basically in the form
of dust pollution is not only responsible for health
hazards but also causes environmental and financial
losses. The economic losses of air pollution could
range from a low estimate of $60 million to a high
estimate of $270 million, equivalent to 1.7% to 7.5%
of the Dhaka’s gross product (Hossain and Easa,
2012). If this loss is added with traffic congestion,
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global warming, soiling of materials and aesthetic
degradation, the total cost of air pollution would be
significantly larger (Hossain and Easa, 2012; Xie et
al., 1998).

The less developed countries are suffering more PM, 5
exposure which is four to five times higher than
developed countries (Rahman, 2005). Recently, Dhaka
became one of the worst cities in the world in terms of
air pollution (Alam et al., 2018). In reference to other
south and south-east Asian megacities, Dhaka is also
suffering from the high level of PM, 5 concentration in
the atmosphere (Rana et al., 2016; CASE, 2015;
WHO, 2014b; Salam et al., 2008). From 2013-2018,
the PM, 5 concentrations in Dhaka city was six times
greater than the NAAQS of Bangladesh as well as 8-
13 times higher than the WHO guideline value (Rana
et al., 2016; DoE, 2019). In this circumstance, we
studied air quality parameters (PM,s) at different
locations in the megacity of Dhaka and its relation
with modes of transport. The objectives of the study
are to determine the variation of PM, s concentration
between different categories of roads in Dhaka.

MATERIALS AND METHODS:
Road Categories of this study -

Vehicle free road: Vehicle free road is a road of a
city or town reserved for pedestrian and bicycle use
and in which most or all automobile traffic may be
prohibited.

Predominant the road by non-motorized
transportation: It provides opportunity to change the
choice of transport modes toroad users of motor
vehicles to non-motor vehicles in the local road of the
city.

Mixed use road: It allows running of all type of
modes of transportation in the city.

Motorized vehicle dominated road: Only motorized
vehicles are allowed to run in this type of road in the
city.

Study Area: To conduct this study, 12 locations have
been identified for data collection. Table 1 shows
those twelve selected sampling locations to reflect the
contribution to air pollution from different categories
of roads which are Vehicle Free (2), Non-Motorized
vehicle dominated roads (2), Mixed roads (3) and
Motorized vehicle dominated roads (5) in Dhaka. Map
of the study is has been shown in Fig 1.
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Table 1: Locations of the Sampling Sites.

SN Locations Road Type

S1 Karwan Bazar

S2 Shahbag Square

S3 Suhrawardy College gate 100% Motorized Intersection
S4 Mirpur - 10

S5 Gulshan - 1

S6 Dhaka University Campus Predominantly Non-Motorized
S7 Natun Rasta Zigatola Transportation

S8 Nilkhet Mixed

S9 Shat Mosjid Road

S10 Bijoy Nagar Paltan

S11 B.C. Dash Street Vehicle Free

S12 Kobiraj Lane, Patuyatuli
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Fig 1: Map of Study Area of the Sampling Sites.

Data Collection and Analysis -

A traffic survey was conducted by manual counting of
vehicles at those 12 locations on selected days during
the study period to understand the correlation between
PM concentrations and traffic volume. The counting
was done at 3 times (morning, afternoon, and evening)
in a day for a period of 30 minutes at each location.
Air samples of different locations were collected with
the help of Ecotech Mini 2.5 sampler for 12 hours in a
day (6 AM to 5 PM) in the month of August to

RESULT AND DISCUSSION

This study found a considerable variation in the mode
of transportation indifferent categories of roads at
different locations in Dhaka city (Fig 2). The
percentage of different vehicles running in the study
area is shown in Fig 3. Rickshaw dominates in the
predominantly non-motorized and mixed categories of
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identify the particulate matter with size 2.5 micron
(PM,5) concentration following simple gravimetric
method. The concentration of PM, s is calculated by
measuring the weight of filter paper before and after
the experiment using the high-resolution electronic
balance. PM, 5 12 hours of concentration converted to
24 hours concentration to identify the AQI position of
each study point. Microsoft Excel has been used for
different types of data processing, analysis, and
presentation.

the road and car dominate the motorized roads. The
second position is achieved by car (22%) in both of
the predominantly non-motorized and mixed category
of road but in the predominantly motorized road, it is
CNG run vehicles. In all of the three categories of
roads, motor cycles can be placed in the third position
with the percentages of 10, 8 and 15 respectively. The
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other types of vehicles found in these roads are a  pedestrian used all of the roads though pedestrian was
cycle, van/other, bus and pickups. No vehicles were  not considered during traffic volume survey.

found in vehicle-free roads but huge numbers of

Number of Total Vehicles
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Fig 2: Number of Vehicles in all locations.
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Fig 3: Types of Vehicle running indifferent Category of Roads.

Table 2 showed the concentration of PM,s in each  addition, the AQI in this intersection was also found

sampling site of Dhaka city. Maximum concentration “Unhealthy” among the 12 sites. Roads loaded with

(172.2 pg/m®) was found in Mirpur-10 which is one of ~ high PM concentration contain diesel run heavy

the largest intersections of four roads in Dhaka city. In ~ vehicles instead of the cycle, rickshaw and van
(Begum et al., 2011).
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Table 2: Concentration of PM, sin different locations.

SN Locations Road Type 12 hours Equivalent Air Quality Index
Concentration Exposure (AQI for
(ug/m®) Level (ug/m’) Bangladesh)
S1 Karwan Bazar 130.20 52.1 Caution
S2 Shahbag Square 100% 103.23 41.3 Caution
Motorized
S3 Suhrawardy College Intersection 127.35 50.9 Caution
gate
S4 Mirpur - 10 172.23 68.9 Unhealthy
S5 Gulshan - 1 114.63 45.9 Caution
S6 Dhaka University Predominantly 61.79 247 Moderate
Campus Non-Motorized
S7 Natun Rasta Zigatola | Transportation 45.98 18.4 Moderate
S8 Nilkhet Mixed 84.65 33.9 Moderate
S9 Shat Mosjid Road 63.50 254 Moderate
S10 Bijoy Nagar Paltan 123.79 49.5 Caution
S11 B.C. Dash Street Vehicle Free 40.00 16.0 Moderate
Patuyatuli
PM, 5 (ng/m?)
170.0
E“ 150.0
< 130.0
= 110.0
£
E 90.0
= 70.0
D
£ 50.0
=1
o 30.0
10.0
. Non- . Vehicle
Motorized Motorized Mixed Free
PM2.5 (ng/m3)|130.2103.2127.4/172.2|114.6| 61.8 | 46.0 | 84.7 | 63.5 | 123.8] 40.0 | 45.0 |
Road Types

Minimum concentration (40 p g/m3) was found at B.C.
Dash Street which is a vehicle-free road. This road is
used only by pedestrians. It is clear from the table that
PM,s concentration in all the selected locations
exceeded WHO standards (25 pg/m’) while the

Fig 3: Concentration of PM, 5in Selected Locations.
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concentration in some roads which are basically
vehicle free and non-motorized roads are within the
Bangladesh standard (65 pg/m’) though WHO and
Bangladesh standards are set for 24 hours the duration
of air sample collection is this study is 12 hours due to
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the unavailability of the instrument. Some of the other
studies also found the average concentration of
Suspended Particulate Matter (SPM) of 385.3 ug/m’ in
Dhaka city which is higher than the daily the average
given by WHO (Rahman et al., 2013).

Besides, several studies found that PM concentration
get much higher during the winter season (December-
February) in Dhaka city compare to monsoon and pre-
monsoon (Rouf et al., 2011; Razib, 2019). Fig 3 is
showing that the contentration of PM, 5 is considerably
higher in mixed and motorized roads than vehicle free
and predominantly non-motorized roads. It can also be
seen that the vehicle free road is comparatively free
from the higher PM concentration as the found
concentration is within the standard. This road is free
from all types of transportation even the rickshaw
could not run there. Predominantly non-motorized
roads are used mostly by rickshaw along with some
cars and motorcycles. For this, probably these roads
have a higher concentration of PM than that of
vehicle-free road. The PM, s concentration in mixed
and motorized roads was on average higher than non-
motorized and vehicle free roads. The concentration in
the 7 sites of predominantly mixed and motorized
areas for 12 hrs already exceeded the maximum
recommended limit for 24hrs (65 pg/m’).

This suggests a much higher pollution potential over
the typical 24 hrs period in motorized traffic areas.
Therefore it can be depicted from the scenario that the
concentration of PM in any road is significantly
related to number and types of vehicle running on that
road which is also analogous to findings of a number
of studies (Begum et al., 2013; Guttikunda, 2009;
Begun et al., 2004; Begum et al., 2010a; Biswas et al.,
2003). Studies have found that, vehicular pollution
particularly emission from motorcycles, diesel run
heavy trucks and buses are the major contributing
sources of air pollution in Dhaka city (Rana et al.,
2016) which is a fact for other cities also since
automobile exhaust contributing 80% of the total
proportion of fine particles (PM,s/PM;, ratio) in
Bangkok and Thailand (Jinsart et al., 2002).
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