Available online at www.banglajol.info

Bangladesh J. Sci. Ind. Res. 55(2), 89-98, 2020

BANGLADESH JOURNAL
OF SCIENTIFIC AND
INDUSTRIAL RESEARCH

E-mail: bjsir07@gmail.com

PM, . concentration and meteorological characteristics in Dhaka, Bangladesh

Razib, A. A. Nayeem, M. S. Hossain and A. K. Majumder*

Department of Environmental Science, Stamford University Bangladesh, Dhaka-1209

Received: 12 May 2019
Revised: 27 May 2019
Accepted: 01 July 2019

Abstract

Air quality in Dhaka city is gradually deteriorating due to increase of pollutants in air. This study
aims to assess the concentration of particulate matter (PM) with an aerodynamic diameter <2.5 um
(PM, ;) and its relationship with meteorological parameters in highly polluted Dhaka city. Data for
PM, has been collected from the Air Now Department of State (AirNow DOS) and
meteorological data from Bangladesh Meteorological Department (BMD). Study observed that
31.9% of hourly Air Quality Index (AQI) category was unhealthy while the percentage of ‘Good’
was very few. The maximum monthly average concentration was found to be 192.97+89.30 pg/m?
in the month of January while minimum average concentration was 29.98+19.37 pg/m? in July.
Besides, it also found that winter season had highest PM, , concentration among all seasons.
Moreover, the annual concentration was found to be 79.94+75.55 pg/m?in 2017 which exceeded
the National Ambient Air Quality Standard (NAAQS) and World Health Organization (WHO)
standard. A number of meteorological factors are affecting to this variation. It is also found that
rainfall is negatively strong and significantly correlated with the concentration of PM, ,, due to
ambient dust are being settle down in the lithosphere. Annual concentration of PM, ;was 5 times
higher than standard level.
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Introduction

The ambient air pollution is one of the major concerns in
developing country (Tabaku et al., 2011). Among the various
pollutants, particulate matter (PM) is the major
environmental risk factor worldwide (HEI, 2018). The exact
composition and size of PM may vary by region, time year or
day, weather conditions and so on (WHO, 2001).
Anthropogenic sources of PM that include industrial
processes, combustion of fossil fuel, either by stationary
sources or by transportation, construction and demolition
activities, brick kilns, exciting of road dust in the atmosphere
(especially in unpaved roads), domestic solid waste,
smoking, and agricultural operations are making Dhaka as
one of the most polluted cities in the world (Rouf ez al., 2011;
USEPA, 2009). Among the various component of air
pollutant, PM_ _ is more dangerous fine particles with small
diameters that remain suspended in air and do not settle (Li ez

al., 2017). PM, , refers to the diameters that are generally less
than 2.5 micrometers (<2.5 pum) and it usually about 3%
diameter of a human hair (USEPA, 2017). PM,, is fine
inhalable particles which is a strong indicator of adverse health
impacts (Cao ef al., 2013). Atmospheric PM, ; continues to
receive a great deal of interest worldwide due to its negative
impacts on human health and welfare in worldwide. (Peng et
al., 2008; Valavanidis et al., 2008; Donaldson et al., 2003; Kan
et al., 2007; Hassanen et al., 2016).

In many studies it has been found that diseases like sore
throat, chest pain, nausea, asthma, and bronchitis and lung
cancer have chances to occur because of air pollution
(Dockery et al., 1993; USEPA, 1999a; USEPA, 1999b; Jeff
and Hans, 2004). Studies found that over 600 million people
in urban areas worldwide were been exposed to dangerous
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levels of air pollutants (Cacciola ef al., 2002; Hassanen ef al.,
2016).Globally, PM, ; causes 4.1 million deaths from heart
disease and stroke, lung cancer, chronic lung disease,and
respiratory infections in 2016 (HEIL, 2018). In Bangladesh,
ambient and indoor PM,, is one of the significant
environmental risk, contribute about 21% of all deaths while
Bangladesh is the leading country compared to other south
Asian countries in terms of air pollution (WB, 2018). The
capital Dhaka of Bangladesh experiences 15,000 early deaths
along with pulmonary, respiratory and neurological illness
caused by low air quality (Ahmed et al., 2016).

A number of campaign-based studies on the ambient air
quality characterizations in Bangladesh have already been
reported (Begum et al., 2011; Begum et al., 2008; Salam et
al., 2003; Salam et al., 2008; Salam et al., 2013). Begum et
al. (2008) revealed that, vehicular emissions and seasonal
brick kilns are more responsible for PM pollution in Dhaka
city. It was found that during the winter season the
concentration of PM remain much higher than other season
due to the variation of meteorological characteristics (Begum
et al., 2010). Hossain and Easa (2012) reported that the
annual average PM, , concentration was 95 pg/m’ at Dhaka
city as well as it increases in relation with high wind speed
during the dry winter season. Rana et al. (2016) found that
PM, , concentration almost six times higher than the national
standards of Bangladesh while 8—13 times higher than the
World Health Organization (WHO) guideline value mostly in
the winter season. Hence, it has been understood that PM can
vary in reference with seasonal variation and metrological
characteristics while brick kilns and motor vehicles are the
more responsible sources to increase PM. Apart from that, the
authors didn’t find any scientific literature on Air Quality
Index (AQI) score for a whole year of Dhaka city which
represents the how air is clean or polluted in a specific place
of aregion. So, the present study will provide an overview of
AQI score for PM, . concentration of Dhaka city in 2017.
Besides, this study aimed to assess the monthly and seasonal,
weekly and diurnal variations of Particulate Matter (PM, ;) in
Dhaka city as well as assessing the correlation between the
PM, , and Meteorological characteristics in Dhaka city.

Study area

The capital Dhaka (Latitude: N23°43'40"; Longitude:
E90°23'52") one of the largest and most densely populated
cities in the world. Dhaka is the economic, political and
cultural center of Bangladesh. It is one of the major growing
cities of South Asia. As part of the Bengal plain, the city is
bounded by four rivers. The climate in Bangladesh is
categorized by high temperature and high humidity most of
the year with a separate seasonal variation of precipitation
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(Salam et al., 2003; Salam et al., 2008; Salam et al., 2013).
There are four seasons in Bangladesh which can be
categorised by the pre-monsoon (March-May), monsoon
(June-September), post-monsoon (October-November) and
winter (December-February). The exact sampling location is
situated on the roof of the U.S. Embassy consulate building,
Banani, Dhaka, Bangladesh (Fig 1)
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Fig. 1. Map of the study area

Data collection and analysis

Since 2016, the US Embassy in Dhaka, Bangladesh has been
collecting real-time air-quality data from a monitor on the
Embassy's rooftop and sharing that data publicly through the
AirNow Department of State (AirNow DOS) website.
(https //w w w . airnow

gov/index.cfm?action=airnow.global summary#Bangladesh
$Dhaka). The AirNow DOS provides maps of real-time
hourly AQI conditions and daily AQI forecasts worldwide.
The PM, | instrument installed at the U.S. Embassy in Dhaka
and measured on an hourly basis using a beta attenuation
monitor BAM-1020, PM-Coarse System (Met One
Instruments Inc., Grant Pass OR) from the roofs of the U.S.
Embassy in Dhaka. The BAM-1020 is a designated EPA FEM
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for continuous PM, ; monitoring and is used for over 80% of
PM, ; measurements at the federal, state, and local levels
(EPA, 2015). Particles larger than 2.5 pm in diameter are
removed by a filter, and air is then passed through a chamber
that is heated to 20°C before particles are impacted onto a
filter tape that, after a period of exposure, is exposed to a
source of beta radiation (EPA, 2009). The degree of
absorption of that radiation by particulate matter collected on
the filter tape is a sensitive measure of PM,,, which is
quantified by careful calibration procedures (Castellani ef al.,
2014; EPA, 2015). Besides, Meteorological Data has been
collected from the Bangladesh Meteorological Department
(BMD). After collection of information, data processing,
analysis and interpretation have been done separately.

Results and discussion
Monthly variation of PM,

The monthly discrepancy of average PM, . concentration
levels at Dhaka city on 2017 is shown in table I. Maximum
concentration was found 192.97+89.30 ug/m? in the month of
January while minimum concentration was 29.98+19.37

ug/m? in July. Much higher concentration was identified from
December to February which is winter season. PM,
concentration touched a minimum from July-September and
going to amplify again from October to November (Fig. 2).
Rouf et al. (2011) reported that monthly average PM
concentration (2002-2005) during rainy months was less than
NAAQS for 24-hour as well as day-to-day variation were
much higher in the winter season than rainy season. Apart
from, Total annual average PM,  concentration was
79.94+75.55 pg/m* in 2017. Hence, it can be seen that PM, .
concentrations exceed the annual average of BNAAQS(15
ug/m*) and WHO standard (10 pg/m?) (Table I).

Seasonal variation of PM,

Strong seasonal patterns were detected and the maximum
concentration of PM,, found during winter time which
reaches as higher concentration among the other seasons.
Statistically significant differences in PM concentrations
between winter and monsoon were identified. The
concentration of PM, ; during the winter vs. monsoon season
was much higher in winter than during the monsoon season
(163.75+90.00 pg/m? vs. 33.20+£22.53 pg/m?) (Table II).

Table I. Monthly variation of PM, -with meteorological characteristics

Month PM, Rainfall Relative humidity Ambient temperature
(ng/m?) (mm) (%) Y9
January 192.97+89.30 0 55.39 28.74
February 165.84+98.59 2 48.00 27.70
March 92.12+58.38 100 62.10 22.90
April 60.52+38.50 228 66.30 25.80
May 50.35426.73 188 64.50 33.40
June 32.72+24.81 414 76.90 33.00
July 29.98+19.37 584 76.10 30.50
August 33.18+19.36 544 57.41 27.10
September 37.18425.59 381 57.20 27.00
October 50.48+35.99 412 52.70 30.00
November 95+68.55 6 47.00 29.40
December 135.02+£72.94 33 60.80 26.80
Annual Average 79.94+75.55 - - -
BNAAQ Standard (Annual) 15 - - -

WHO Standard (Annual) 10 -
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Fig. 3. Seasonal variation of PM,

Figure 3 shows the seasonal variation of PM, ; in the year of
2017. During winter, including thermal inversions, less
rainfall and the high emissions from brick kiln industries are
thought to contribute to the increased PM concentrations
(Begum ef al., 2011). Thus, the suspended road dust and soil
dust also amplify the PM concentration during winter. The
high and low level concentration of PM, , during winter and

monsoon indicate a strong seasonal influence on PM,, in
Dhaka city. Large amount of PM, ; components are removed
by the rainfall activities during monsoon period while it
increased more in dry winter season (Hossain and Easa,
2012). Studies found that during the winter season brick kilns
start their production which contribute to total air pollution
beside the other sources in Dhaka city (Guttikunda et al.,
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Table II. Seasonal variation of PM, . in Dhaka city

Season Duration PM,
(Month) (ng/m?)
Monsoon June-September 33.20+22.53
Post-monsoon October-November 72.88+59.18
Pre-monsoon March-May 67.74+46.80

Winter December-February 163.75+90.00

2012). Begum and Hopke (2018) reported that high
concentration of PM during the winter season is caused by
the seasonal fluctuations of the emissions as well as by the
meteorological  effects. Studies also found that
PM, ,pollutant transported from the north and northwesterly
directions (Begum and Hopke, 2018; Begum et al., 2011c;
Ommi et al., 2017) which indicates that PM, are influenced
by trans boundary, particularly in winter season (Begum and
Hopke, 2018).

Weekly variation of PM, ,

In the day-of-week analysis, the pollution levels generally
follow a common pattern for each day of the week. No
particular weekend effect has been identified by this
analysis. Figure 4 shows the fine particulate matter (PM, )
concentrations were maximum on Wednesday (90.36+86.17
pg/m?) and minimum on Saturday (68.35+63.72 pg/m?).

Very little variation of PM, ; concentrations on the day of
week could be attributed to the variation of traffic flows in
Dhaka city. It is expected that local transport services could
be reduced on weekend (Friday and Saturday), but textile
shipment delivery trailer trucks were reported to be a
maximum on Friday (Hoque et al., 2013; Khan and Hoque,
2013), which could compensate for expected reductions in
local commuter emissions on Friday, which is a religious
observance day of the week in Dhaka.

Shifting variation of PM,

The peak PM, concentrations (94.08+86.56 ug/m’) were
observed at night, between 8pm to 6am (Table III).

Table III. Shift wise average concentration of PM,

Shift Duration PM,
(GMT+6, Local time) (ug/m?
Morning 06:01am — 12:00pm 78.79+74.67
Afternoon 12:01pm — 05:00pm 57.18+56.11
Evening 05:01pm — 08:00pm 78.03+58.92
Night 08:01pm — 06:00am 94.08+86.56

Shift-wise variations are governed by interplays among the
pollution sources, photochemical processes, and weather
factors. High pollution concentrations measured during
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Fig. 4. Weekly variation of PM, ;in Dhaka city in 2017
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night time could result from the local rules on traffic flow in
Dhaka (as the diesel-powered buses and freight trucks can use
Dhaka city route only at night time in between 8pm-6am),
low mixing height during night time (Rahman, 2018; Begum
et al., 2011). Long-route buses and any kind of heavy-duty
diesel trucks are barred from using any highway inside Dhaka
during the daytime (DTCB, 2011).The concentration of PM,
are almost same at morning and evening, where it gets lowest
during afternoon and reach highest at night (Fig. 5) which is
also reported by the Rana ef al. (2016).

PM, , concentration and air quality in Dhaka
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Number of AQI of PM,

A summary of the AQI ratings for Dhaka city in 2017 is
presented in the Figure 6. According to US AQI chart, in
2017, there were 312 hourly AQI “Good”, 2322 were
“Moderate,” 1801 were rated “Unhealthy for sensitive
groups,” 2714 were considered “Unhealthy”, 1094 were rated
“Very unhealthy” and 273 were found hazardous. Although
few data couldn’t be avail, but the amount of missing data is
as few that can be ignorable.

Diurnal variation of PM,
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Fig. 6. Percentage of AQI in Dhaka city in 2017
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It can be observed that 31.9% of hourly AQI were
“Unhealthy” and the percentage of “Good” was very few.
Although the category “Very unhealthy” were 12.8% and
“Hazardous” were 3.2%, but this is enough to effect on
human health. This statistic of AQI indicates that air quality
in Dhaka city is considered unhealthy most of the time, so
that pollution is bad enough to adversely affect people living
or spending time in this city.

Correlation between PM, concentrations and selected
meteorological parameters

A linear regression analysis (Table V) was performed to
predict means PM, ; concentrations (dependent variable) in
Dhaka city by considering rainfall, humidity and temperature
are independent variable. As R?was found to be. 0.715 i.e. it
was observed that 71.5% variation in dependent variable had
been influenced by independent variable.

Figure 7 presented the seasonal relationship between PM,
and Meteorological parametrs at dhaka city in 2017. It shows
that, during the winter and pre-monsoon season PM_. is
higher when the temperature range is in moderate level. On

Table IV. Correlation between PM, . and selected meteorological parameters

PM, . Rainfall Humidity Temperature
PM, | Pearson correlation 1 -0.839™ -0.528" -0.275
Sig. (1-tailed) 0.000 0.039 0.194
Rainfall Pearson correlation -0.839™ 1 0.533" 0.269
Sig. (1-tailed) 0.000 0.037 0.199
Humidity Pearson correlation -0.528* 0.533" 1 0.298
Sig. (1-tailed) 0.039 0.037 0.173
Temperature Pearson correlation -0.275 0.269 0.298 1
Sig. (1-tailed) 0.194 0.199 0.173
** Correlation is significant at the 0.01 level (1-tailed).
* Correlation is significant at the 0.05 level (1-tailed).
Table V. Regression between PM, _and metrological parameters
Model summary
Model R R Square Adjusted R Square Std. Error of the Estimate
1 0.845° 0.715 0.608 35.52889

a. Predictors: (Constant), Temperature, Rainfall, Humidity

There is a negative Pearson correlation between the rainfall,
humidity and atmospheric temperature with PM, .. Table IV
shows that humidity and temperature are not much
significantly correlated with the PM, .. But, rainfalls are
strongly and significantly correlated with the PM, . while
humidity and temperature had weak relationship.

ther other hand, less amount of hummidty infulence in
incresing of PM, .. Besides, during the rainy season,
concentration of PM, _ is less than winter season. It also
revealed that rainfall and PM, .are strongly coorelated with
each other. Less amount of rainfall during winter were the top
influencing factor in incresing PM, _ in 2017.
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Fig. 7. Seasonal relationship between PM, . and meteorological parametrs

Conclusion

Air pollution in Dhaka city has reached an alarming level. It
has been afflicted with severe air pollution where particulate
matter is being identical as the main pollutant. This study
investigates the concentration level of PM, . in Dhaka city in
2017. It has been found that there is a considerable change of
PM,, with different months in a year. The maximum
concentration was found in January while minimum was in
the month of July. During the seasonal variation, it shows that
winter season dominated the whole year in terms of air
pollution in 2017. It also found that meteorological
characteristics are one of the key factors to influence the
concentration of PM, . in Dhaka city. Especially, rainfall and
PM, ; had a strong and negative relationship. This study also
found that during the shifting variation night time (8:00 pm to
6:00 am) is leading hour for peak level of PM concentration.
Opverall airquality score was dominated by unhealthy position

(31.9 %) in Dhaka city in 2017. Hence, it is observed that
PM, and meteorological parameters have a good
relationship and for that reason the concentration level
are varying with different months and season in a year.
Apart from that, more metrological parameter is required
to know the exact result as well as need to show the
relation between metrological parameters and other
pollutants (PM,, BC, SO, NO, CO). Improvement and
introduction of public transport system and upgradation
of mass transportation may contribute to reduce air
pollution in Dhaka city. Besides, enforcing the existing
regulations and policies, such as ban on traditional high
polluting kilns (e.g. FCK, BTK), or alternative use of fire
brick such as sand brick could be an effective steps to
control the air pollution.
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