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ABSTRACT

This paper deals with air pollution levels in Dhaka from 2019 to 2021, showing different air
pollutant levels before and during the lockdown. The government of Bangladesh was
compelled to impose a lockdown because of the global COVID-19 epidemic. This lockdown
included limiting people's mobility, shutting down businesses and motor vehicles, and closing
public spaces, schools, and marketplaces to control the virus. Selected air contaminants'
trends have been determined by Mann-Kendall analysis. It was discovered that during the
lockdowns triggered by COVID-19 in the city of Dhaka, the levels of the pollutants in the air
drastically altered. PM25s, PMio, and NO; levels decreased by approximately 40.1 pg/md,
125.58 pg/m?, and 75.98 pg/md, respectively. On the contrary, the O3 level increased by
approximately 18.97 pg/m® throughout the same period. An inference was made that
significant air pollution mitigation is possible through technological intervention, strict
regulation, and behavioral changes in people.
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CoV-2) [1-3]. On December 31, 2019, it was initially discovered in the Chinese

province of Hubei's town of Wuhan, where it was associated with openings at a
nearby fish market. This modern Covid has spread over the globe and is seriously harmful to
everyone's well-being. On March 11, 2020, the World Health Organization (WHO)
designated an additional Covid contamination a pandemic. Six months after the first verified
case in Wuhan, more than 10.6 million individuals contracted COVID-19, and 514,315
people died as a result of the sickness in 215 different nations, provinces, and regions
worldwide [4]. The World Health Organization has classified COVID-19 as a worldwide
public health hazard due to its extensive dispersion and persistent nature. (WHO). WHO
recommendations released on January 27 informed the public of the actions to be taken to

COVID-19 is a contagious sickness that results from a serious lung problem (SARS-
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stop the virus from spreading further. Then on February 29, a month after the fact, the World
Health Organization (WHO) gave further rules, including travel limitations and restrictions.
The reconsidered rules recommended 14-day self-checking for side effects for those who
returned from affected regions [5]. Considering COVID-19's fast spread, most states have
organized a complete public lockdown, requiring self-quarantine, restricting individuals'
movement to anybody getting back from nations with high disease rates, and requesting
social separation [6]. Bangladesh is struggling with a COVID-19 flare-up, with a populace
thickness of 1265 individuals for every square kilometer [4] and a populace of 165 million
individuals (as of June 2020).

The results of an investigation into three preliminary instances of COVID-19 were released
by the Bangladeshi Institute of Epidemiology, Disease Control, and Research (IEDCR) on
March 8, 2020. (As per the IEDCR, the year 2020 will be the 10th commemoration; there
have been 1,26,606 affirmed cases as of June 26, 2020, with 1621 passing. Just Dhaka, the
nation's capital, has 29% of every confirmed case [7]. The Bangladesh government utilized
massive general well-being measures, including local area limits, social distance,
transportation limitations, self-quarantine, and lockdowns, to keep COVID-19 from
spreading [8]. Travel limitations and superfluous development were set up in Dhaka and the
affected regions, bringing about a lockdown. The lockdown became real on March 26, 2020,
and went on for a couple of days all through the country. Closures and other forms of strict
regulation have an impact on society, especially the climate. These limitations on human
action brought about less traffic across the city and a massive drop-in everyday activity, all
of which added to limiting air contamination [8]. Due to similar shutdown and control
tactics used worldwide, air quality has increased in numerous countries and regions [9].
Since air quality is associated with discharges, a total or fractional lockout further develops
air quality [10] detailed a massive drop in NO2 and fossil fuel by-products in China because
of the current closure (i.e., 30 and 25 percent, separately found a 55% decrease in NO2 levels
in India during the closure time frame [11]. What's more, explicit air impurities might have a
massive connection to COVID-19 diseases, albeit this still needs to be satisfactorily
investigated, and there is still uncertainty [12]. Be that as it may, specific investigations [12,
13] have shown a significant connection between COVID-19 disease and air contamination.
The brick kiln and several other industries in and around Dhaka have been closed. The
impact of the lockdown on portability and modern movement on Dhaka's air quality is not
entirely settled. The closure is anticipated to fundamentally affect air quality in the city,
improving it considerably. This study expects to perceive what COVID-19-prompted
lockdown measures meant for air contamination levels in Dhaka, Bangladesh, by checking
NO2, O3z, PM2s, and PMyo focus varieties during the lockdown. The effects of public
lockdowns on air quality changes can be observed and analyzed by looking at air
contamination information discoveries from similar periods in 2019-2021.

MATERIALS AND METHODOLOGY

Three permanent Continuous Air Monitoring Stations (CAMS) comprise Dhaka's ambient
air quality monitoring network. Table 1 gives a quick overview of the monitoring stations
and a list of the measured parameters that are recorded at each station.
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Description of Monitoring Network Table 1:

ID Location Lat/Lon Monitoring capacity
CAMS-1 | Sangshad Bhaban, | 23.76N 90.39E PMio, PM25, CO, SO, NOx, O3,
Sher-e-Bangla and HC concentrations with
Nagar meteorological parameters.
CAMS-2 | Farmgate 23.76N 90.39E PM1o, PM25, CO, SOz, NOx, Os,
and HC with meteorological
parameters.
CAMS-3 | Darus-Salam 23.78N 90.36E PM1o, PM25, CO, SO2, NOx and O3
with meteorological parameters.

Fig 1 The 3 CAMS Locations
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Substances taken into account in this study include ozone (O3), nitrogen dioxide (NOz), and
particles having a diameter of 10 pug. The Mann-Kendall statistical method is utilized to seek
out patterns in the data series of specified parameters. The Mann-Kendall statistical test for
the trend is used to ascertain if a set of data values has been trending upward or downward
over time and whether the trend in either direction is statistically important.

The Mann-Kendall Test:

Ascending and falling patterns in time series data can be identified with the Mann-Kendall
(MK) test, a nonparametric analysis of trends method. Rather than evaluating the data's real
values, it investigates the absolute magnitudes of the sample data [14]. Using data
representing the monthly average of NO2, Os, PM2s, and PMyo pollution, the Mann-Kendall
and the slope of Sen tests were run. The Mann-Kendall (MK) test was first designed to
compare the null hypothesis Ho of no trend testing, which asserts that the observations xi
occur at random in time, with the different hypothesis Hi, which states that a linear pattern is
either growing or decreasing. The data values in the sections that follow are contrasted with
those determined to be ordered time series. When a data value from a later era is more
significant than a data value from an earlier period, the statistic S rises by one. When a
subsequent period's data value is lower than the sampled value from the prior period,
however, S declines by one. S's final value is the product of every single one of these raises
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and decrements. [15-18]. The S statistic associated with the Mann-Kendall test is obtained
as follows:

S= Y Yizr+15gn(x; — x;) ed. (1)

Where n stands for the number of data points, X; and x; stand for the data values in time
series | and j (j > I, respectively), and Sgn (x; - xi) signifies the sign function:
sgn (xj—xi) ={+1,ifx;—xi>00,ifxj;—xi=0  -1,ifxj;—xi <0 eqg. (2)

The methods to obtain S's variance are as follows:

Var(S) _ n(n—l)(2n+5)—21i;1 ti(ti—1)(2t;+5) eq (3)

W(S) are the standard normal test statistics, where m is the number of connected groups in a data set,
ti is the number of data values in a group, and n is the number of data series:

S—1 i B _ S+1 .
W(S)—{m,lf5>0 0,if S=0 s if S<0 eq. (4)

S values that are positive or negative represent rising or declining trends. The significance
level in this study is set at a = 0.05.

Sen’s Slope or the slope of Sen Estimator:
Sen's slope test is commonly utilized for assessing the strength of the pattern for the set of data N:

Qi = "f'j:;‘",fori =1,...,N, eq. (5)

N is defined as n (n - 1)/2 when n is the number of periods and 1 is the number of datums. N=n (n -
1)/2, where n represents the total number of observations, is the outcome of several sightings
conducted across one or more time periods. A median slope (also known as Sen's slope) is
determined after ordering the N values of Qi from lowest to highest:

(%
2t Q{&})
Qmed = Q[%],if N is odd fz,ifN is even eq. (6)

The Qmes amount, indicating a data pattern, indicates how steep the pattern is. The Qmeq is determined
as follows when the median slope is statistically various from zero:

Co = Z1_q2yVar(s) eq. (7)

Var(S) has been defined in equation (3), and Zi-a/2 is computed using the traditional
standard distribution table. The confidence interval for the study has been set at a = 0.05.
Results and Discussions

Particulate matter (PM2s):

PM2 s describes very small particles, often 2.5 pum or less. A study revealed that the presence
of particulate matter was significantly reduced during the COVID'19 lockdown. The report
claims that the pre-pandemic PM.s level was around 76.8 pg/m® which is significantly
greater than the standard value of 65 g/ md.

Again, from April 4, 2021, to July 14, 2021, the Government imposed a strict/extreme

lockdown. During this time, the PM2s concentration dropped by 28.3 pg/m?® from the
standard value. Thus, these events indicate that during the lockdown, the PM2 s levels during

© International Journal of Social Impact | ISSN: 2455-670X | 24



Effects on Air Quality in Dhaka City Due to COVID-19 Pandemic Induced Nationwide Lockdown

lockdown were much more suitable than usual times. Below, Figure 1 and Figure 2 show the
trend of changes in PM2 s value.

Table 2: Summary Stats

Timeline Variable | Observations | Minimum | Maximum | Mean Standard
deviation

Pre- 153971 13 78.44 236.22 155.87 | 57.48

pandemic

Strict 157.30 |3 42.72 117.36 86.56 | 38.98

lockdown

Table 3: The results of the slope tests conducted by Mann-Kendall and Sen. Before
lockdown or Pre-pandemic and Strict lockdown PM, s data results

Before lockdown/Two-tailed Strict lockdown/Two-tailed
study (239.71): study (157.30):

Tau of Kendall 0.15 -0.33

S 12.00 -1.00

Var (S) 268.66 3.66

Value of P 0.50 1.00

Alpha 0.05 0.05

The slope of Sen: 3.48 -8.88

. HO: The series doesn't exhibit HO: The series doesn't exhibit
Interpreting test any trends. any trends.
results Ha: The series exhibits a trend Ha: The series exhibits a trend
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Fig 3: Trend line for PM1o from April 2021
to July 2021(Strict lockdown period)

Fig 2: Trend line for PM2s from January
2019 to June 2019(Pre-lockdown period)

Particulate matter (PMuo):

PMyo is present in smoke, dust, soot, salts, acids, and metals, and is defined as any
particulate matter in the air with a size of 2.5 um to 10 um. Particulate matter may also be
generated in the atmosphere when gases emitted by vehicles and industries encounter
chemical reactions. According to our study, the PMyo level before the pandemic (pre-
pandemic) was around 167.467 pg/m3 which is about 17.467 pg/m? higher than the standard
value of 150 pg/mé.

Again, during the lockdown period from 4th April 2021 to 14th July 2021, the PMyo level

was 41.888 pg/m? which is 108.112 pg/m? lower than the standard value. So, it is evident
that the lockdown affected PM1 levels in Dhaka City.
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Table 4: Summary stats
Timeline Variable ' Observations @ Minimum @ Maximum Mean | Standard

deviation
Before 257 5 68.80 239.50 14956  68.79
lockdown
Strict 80.66 3 16.70 52.61 28.96  20.48
lockdown

Table 5: The results of the slope tests conducted by Mann-Kendall and Sen. Before
lockdown or Pre-pandemic and Strict lockdown PM1o data results

Before lockdown/ Two-tailed | Strict lockdown/ Two-tailed
study (257): study (80.66):
Tau of Kendall -1 -0.33
S -10.00 -1.00
Var(S) 16.66 3.66
Value of P .027 1.00
Alpha 0.05 0.050
The slope of Sen -42.92 -0.57
Interpreting test HO: The series doesn't exhibit | HO: The series doesn't exhibit any
results any trends _ _ trends . _
Ha: The series exhibits a trend | Ha: The series exhibits a trend
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Fig 4: Trend line for PMy from January Fig 5: Trend line for PMz1g from April 2021
2019 to June 2019 (Pre-lockdown period) to July 2021 (Strict lockdown period)

Nitrogen dioxide (NO2)

Nitrogen dioxide is the most harmful nitrogen oxide (NO). The most prevalent instance of
higher molecular weight of nitrogen oxide is NO. Such exposures over a brief period of
time might cause respiratory disorders, especially asthma, and they may also encourage
respiratory symptoms (such as coughing, wheezing, or breathing difficulties) [19]. This
study found that the NO: level in Dhaka city during the pre-pandemic phase reached
100.413 pg/m?3, which was higher than the normal value of 0.413 pg/ m3 (100 pg/ md).

But because of rising instances of COVID'19, the government of Bangladesh imposed a
strict lockdown from April 4, 2021, to July 14, 2021. During this time, the NO:
concentration dropped by 75.57 pg/m? from the standard value; So, so it's apparent that the
strict lockdown had a big impact on NO> concentration in Dhaka city.
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Table 6: Summary stats:

Timeline | Variable | Observations | Minimum | Maximum | Mean | Standard
deviation

Before 18643 |5 29.89 155.47 83.20 |54.12

lockdown

Strict 32.63 3 15.26 31.67 21.69 |8.76

lockdown

Table 7: The results of the slope tests conducted by Mann-Kendall and Sen. Before
lockdown or Pre-pandemic and Strict lockdown NO, data results

Before lockdown/ Two- Strict lockdown/ Two-tailed
tailed study (186.433): study (32.633):
Tau of Kendall -1 -0.33
S -10.00 -1.00
Var(S) 16.66 3.66
Value of P 0.027 1.00
alpha 0.05 0.05
The slope of Sen: -1.06 -0.22
interpreting test HO: The series doesn't exhibit | HO: The series doesn't exhibit any
results any trends _ _ trends _ _
Ha: The series exhibits a trend | Ha: The series exhibits a trend
200 35

100

m?)

Concentraion of NO, (ug/
m?)
-
[éa)
o
Concentraion of NO, (ug/
NN W
U O o1 O

a
o

0
Feb-19 Feb-19 Mar-19 Apr-19 Apr-19 May-19 Jun-19

Month

May-21May-21 Jun-21 Jun-21 Jun-21 Jul-21 Jul-21
Month

Fig 6: Trend line for NO. from January Fig 7: Trend line for NO2 from April 2021
2019 to June 2019 (Pre-lockdown period) to July 2021 (Strict lockdown)

Ozone (O3):

Exposure to ozone raises the risk of acquiring asthma and other difficulties for those
engaging in outdoor activities [20]. Ozone affects the Air Quality Index despite not being
the top-ranked pollutant on the list. Nitrogen oxides (NOx) and volatile organic molecules
both produce and deplete ozone. The O3 level during the pre-pandemic phase, as determined
by our research, was 16.410 pg/m? which was within the acceptable limit (157 pg/m?3).

But because of an increase in COVID'19 incidents, Bangladesh's government imposed a

rigorous lockdown from April 4 to July 14, 2021. Around 35.381 pg/mioxygen was
discovered to be present at this time.
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Table 8: Summary stats:

Timeline Variable | Observations | Minimum | Maximum | Mean | Standard
deviation

Before 1094 |5 10.18 2352 1750 |5.24

lockdown

Strict 34.06 3 28.96 45.63 3581 |8.71

lockdown

Table 9: The results of the slope tests conducted by Mann-Kendall and Sen. Before
lockdown or Pre-pandemic and Strict lockdown NO, data results

Before lockdown / Two-tailed Strict lockdown/ Two-tailed
study / Two-tailed test (10.947): test (34.067):
Tau of Kendall 0.60 0.33
S 6.00 1.00
Var(S) 16.66 3.66
Value of P 0.22 1.00
Alpha 0.05 0.05
The slope of Sen: 0.09 0.06
HO: The series doesn't exhibit any HO: The series doesn't exhibit
Interpreting test trends. any trends.
results Ha: The series exhibits any trends. tl;':r'](}-she series exhibits any
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Fig 8: Trend line for Oz from January 2019  Fig 9: Trend line for Oz from April 2021 to
to June 2019 timeline (Pre-pandemic July 2021 timeline (Strict lockdown period)
period)

CONCLUSION

In this article, the effect of the COVID-19 lockout on the air quality in Dhaka was examined.
There was a significant improvement in air quality, although these air quality management
techniques are expensive. For excellent air quality, irreversible emission reductions via
sustainable process adjustments and long-term goals are essential. However, since the
influence of diverse human activities is now being evaluated, measures that may be
incorporated into business-as-usual scenarios focus on emission reduction at source, such as
dust management, vehicle emissions, industrial operations, and so on, must be found.
Lessons learned from the COVID-19 epidemic may be used to focus on source-specific
measures that enhance ambient air quality to the greatest extent possible. Furthermore,
socio-economic growth and industrialization must be coordinated with a city's carrying
capacity.
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Some followings are key takeaways from COVID 19 lockdown for air quality management:

1.
2.

3.
4.

Technology change: Growth of clean fuel autos, retrofitting older vehicles.
Technological progress: an increase in the use of alternative fuel (electric or
hydrogen fuel-based vehicles, retrofitting of older vehicles).

Strict control, such as traffic management and systems to monitor vehicle emissions.
Behavioral change: Minimize workplace mobility and encourage digital innovation.

REFERENCES

[1]

[2]

3]

[4]
[5]

[6]

[7]
[8]

[9]
[10]

[11]

[12]

[13]

R. Lu, X. Zhao, J. Li, P. Niu, B. Yang, H. Wu, W. Wang, H. Song, B. Huang, N. Zhu,
Y. Bi, X. Ma, F. Zhan, L. Wang, T. Hu, H. Zhou, Z. Hu, W. Zhou, L. Zhao, J. Chen,
Y. Meng, J. Wang, Y. Lin, J. Yuan, Z. Xie, J. Ma, W. J. Liu, D. Wang, W. Xu, E. C.
Holmes, G. F. Gao, G. Wu, W. Chen, W. Shi, and W. Tan, “Genomic characterisation
and epidemiology of 2019 novel coronavirus: Implications for virus origins and
receptor binding,” The Lancet, vol. 395, no. 10224, pp. 565-574, 2020.

T. Dey and A. Sinha, “Ethnicity and covid-19 - A commentary on ‘World health
oganization declares global emergency: A review of the 2019 novel coronavirus
(COVID-19)’ (Int J Surg 2020; 76:71-6),” International Journal of Surgery, vol. 83,
pp. 75-76, 2020.

E. Dong, H. Du, and L. Gardner, “An interactive web-based dashboard to track
COVID-19 in Real-time,” The Lancet Infectious Diseases, vol. 20, no. 5, pp. 533—
534, 2020.

“Coronavirus cases:” Worldometer. Available: https://www.worldometers.info/coron
avirus/. [Accessed: 22-Mar-2021].

A. F. Skiriené¢ and Z. Stasiskiené, “Covid-19 and air pollution: Measuring pandemic
impact to air quality in five European countries,” Atmosphere, vol. 12, no. 3, p. 290,
2021.

S. Muhammad, X. Long, and M. Salman, “Covid-19 pandemic and environmental
pollution: A blessing in disguise?” Science of the Total Environment, vol. 728, p.
138820, 2020.

(GG, @ [NIFY 8 MITV ZNSGIGGE. Available: https://ieder.gov.bdl.
[Accessed: 22-Mar-2022].

S.-Q. Deng and H.-J. Peng, “Characteristics of and public health responses to the
coronavirus disease 2019 outbreak in China,” Journal of Clinical Medicine, vol. 9, no.
2, p. 575, 2020.

F. Dutheil, J. S. Baker, and V. Navel, “Covid-19 as a factor influencing air
pollution?”” Environmental Pollution, vol. 263, p. 114466, 2020.

Isaifan RJ, “The dramatic impact of coronavirus outbreak on air quality: Has it saved
as much as it has killed so far?” Global Journal of Environmental Science and
Management 6:275-288.

M. B. Karuppasamy, S. Seshachalam, U. Natesan, R. Ayyamperumal, S.
Karuppannan, G. Gopalakrishnan, and N. Nazir, “Air pollution improvement and
mortality rate during COVID-19 pandemic in India: Global intersectional study,” Air
Quality, Atmosphere & Health, vol. 13, no. 11, pp. 1375-1384, 2020.

H. Li, X.-L. Xu, D.-W. Dai, Z.-Y. Huang, Z. Ma, and Y.-J. Guan, “Air pollution and
temperature are associated with increased COVID-19 incidence: A time series study,”
International Journal of Infectious Diseases, vol. 97, pp. 278-282, 2020.

Y. Zhu, J. Xie, F. Huang, and L. Cao, “Association between short-term exposure to
air pollution and COVID-19 infection: Evidence from China,” Science of The Total
Environment, vol. 727, p. 138704, 2020.

© International Journal of Social Impact | ISSN: 2455-670X | 29



Effects on Air Quality in Dhaka City Due to COVID-19 Pandemic Induced Nationwide Lockdown

[14]
[15]
[16]

[17]

[18]

[19]

[20]

R. O. Gilbert, Statistical Methods for Environmental Pollution Monitoring. Hoboken,
NJ, Newyork: Wiley, 1997.

S. Shahid, “Trends in extreme rainfall events of Bangladesh,” Theoretical and
Applied Climatology, vol. 104, no. 3-4, pp. 489499, 2010.

F. Dutheil, J. S. Baker, and V. Navel, “Covid-19 as a factor influencing air
pollution?”” Environmental Pollution, vol. 263, p. 114466, 2020.

S. Yue, P. Pilon, B. Phinney, and G. Cavadias, “The influence of autocorrelation on
the ability to detect trend in hydrological series,” Hydrological Processes, vol. 16, no.
9, pp. 1807-1829, 2002.

P. Domonkos, J. Kysely, K. Piotrowicz, P. Petrovic, and T. Likso, “Variability of
extreme temperature events in south-central Europe during the 20th century and its
relationship with large-scale circulation,” International Journal of Climatology, vol.
23, no. 9, pp. 987-1010, 2003.

P. Mannucci and M. Franchini, “Health effects of ambient air pollution in developing
countries,” International Journal of Environmental Research and Public Health, vol.
14, no. 9, p. 1048, 2017.

M. L. Paffett, K. E. Zychowski, L. Sheppard, S. Robertson, J. M. Weaver, S. N.
Lucas, and M. J. Campen, “Ozone inhalation impairs coronary artery dilation via
intracellular oxidative stress: Evidence for serum-borne factors as drivers of systemic
toxicity,” Toxicological Sciences, vol. 146, no. 2, pp. 244-253, 2015.

Acknowledgment

Without the information gathered from The Ministry of Environment & Forests of
Bangladesh and Airnow (the archives of US Embassies and Consulates), this study would
not have been feasible.

Conflict of Interest
The author(s) declared no conflict of interest.

How to cite this article: Mahmud, H., Patwary, S.R.N. & Avash, R. (2024). Effects on Air
Quality in Dhaka City Due to COVID-19 Pandemic Induced Nationwide Lockdown.
International Journal of Social Impact, 9(3), 21-30. DIP: 18.02.004/20240903, DOI:
10.25215/2455/0903004

© International Journal of Social Impact | ISSN: 2455-670X | 30



