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ABSTRACT
The present study is an attempt to evaluate the effects of Lockdown due to Coronavirus Disease (COVID-19),
on Air Quality Index (AQI) of Kullu valley. The Air Quality was monitoring from January 2019 to June 2019
and same time in the next year during COVID-19 period from January 2019 to June 2019 at Mohal-Kullu
sampling site. PM

10
 and PM

2.5
 values were recorded in higher average as 80.2±3 μg m-3 and 32.5±1 μg m-3

respectively before the lockdown period. While lowest PM
10

 and PM
2.5 

concentration 8.5 μg m-3 and 6.3 μg m-3

respectively was recorded during lockdown period. Similarly, the AQI trend shows the Lowest Index value
which is 4.2 during lockdown period in the year of 2020 and highest 25 value was observed before the lockdown
period in the year of 2019. The reason behind that all the vehicular and Industrial activities were closed, the
effects of which is that the 80% pollution emission has been reduced. Before the lockdown period some
observations of particulate pollutants have been crossed the permissible limit (100 μg m-3) prescribed by National
Ambient Air Quality Standards (NAAQS). It is also made clear from Hybrid Single-Particle Lagrangian Integrated
Trajectory (HYSPLIT) model and Cloud Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO)
analysis that the sources of pollutants are mainly local in nature. AQI study reveals that air quality of Mohal falls
under good condition but during lockdown the Air Quality was extremely good.
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INTRODUCTION

Air pollution is one of the serious problems for
human beings and the environment. Air pollution is
a mixture of solid particles and gases in the air.
Vehicle emissions, chemicals from factories, dust,
pollen, and mold spores may be suspended as
particles. Air pollution isn’t only a problem outdoors;
it can also be a problem within buildings, affecting
your health. The presence of particle pollutants, even
in tiny amounts, may have an impact on the
environment by modifying the thermal characteristics
of the environment. The radiative effect is shown by
these gases which absorb the longwave radiation and

reduce the outgoing at the Top of Atmosphere (TOA)
and this leads to an increase in temperature (Wang
et al. 1976). Atmospheric pollutants are released into
the environment by natural and anthropogenic
sources like agricultural, industrial, transportation,
residential and natural sources (Barnard et al. 2001,
Ramathan 2009). Air pollution not only affects the
air quality but its acute and chronic effects can create
various health problems in human being (Oberdorster
et al. 1990). Especially, particulate matter (PM

2.5
)

plays foremost role in creating depression, anxiety
and many other neurological problems in human
being (Calderon et al. 2002, Oberdorster et al. 2004).
This particulate also affects atmospheric process like
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reduce visibility, effect precipitation pattern and
cloud formation and also play an important role in
making rain, clouds and fog acidic in nature (Celis
et al. 2004, Khoder 2002). Gajananda et al. (2005)
monitored Total Suspended Particulate (TSP), size-
separated atmospheric aerosols and Aitken Nuclei
(AN) at Mohal (Kullu) and Manali tourist complex,
in the northwestern part of the Himalaya from 1996
and onwards and concluded that level of air pollution
is increasing over the sensitive areas of northwestern
part of the Himalaya due to uncontrolled
anthropogenic activities.

The Himalayan Mountain Ecosystem (HME) is
one of the most vulnerable ecosystems to the climate
change and so are the mountain communities,
especially those mainly depend on animal husbandry,
marginal agriculture and horticulture products. The
HME, at present, is facing challenges created due to
increasing aridity, warmer winter season, variability
in precipitation, and unexpected frosts and storms
(Renton 2009, Dash and Hunt 2007) which largely
affect the entire range of biodiversity (Renton 2009,
Kala 2013). Though the Himalayas harbours rich
biodiversity and is one of the most vulnerable
mountain ecosystems to climate change (Xu et al.
2009, Bawa et al. 2010), there is paucity of systematic
analysis of climate change and its impacts on the
Himalayan ecosystems, biodiversity and local
people’s livelihoods (Shrestha et al. 2012).

COVID-19 is a communicable virus that was
initially identified during end of the December 2019
in the Wuhan city of China (Zhu et al. 2020). Within
2 to 3 months this virus captured the entire world
(WHO, 2020). As the virus was infectious, different
countries made different rules to stop the
transmission of the virus like checking free public
movements, social gatherings and locked hotspots
of the virus. The circumstances were very critical at
that time for human existence and for the economy
of the world. But, at the same time worldwide quality
of the air and environmental conditions were
becoming better (Bao and Zhang 2020, Saadat et al.
2020, Yadav et al. 2020). The decrease in the air
pollutants concentration was reported in many
countries like USA, Spain, Germany, Brazil, China,
Spain, Barcelona etc. (Baldasano 2020, Dantas et
al. 2020, Jain and Sharma et al. 2020, Menut et al.
2020, Shakoor et al. 2020). In India, decrease in air

pollutants concentration and improvement in the AQI
due to less anthropogenic activities has been reported
in many big cities like Kolkata, Delhi, Chennai,
Hyderabad and Mumbai (Singh and Chauhan 2020)
in the entire India. In Delhi, >50% decline in the
PM

2.5 
and PM

10
 concentration was reported compared

to the previous year 2019 and air quality was
improved by 40 to 50 % exclusively after four days
of the lockdown commencement (Garg et al. 2021,
Mahato et al. 2020). Nigam et al. (2021) reported a
significant decline in the concentration of the
pollutants like PM

2.5
, PM

10
, SO

2
 and carbon

monoxide. Mishra et al. (2021) and Sathe et al. (2021)
have reported a significant decrease of 30-50% in
the AQI of Chandigarh, Delhi, Jaipur, Lucknow,
Patna, Kolkata, Gandhinagar, Bhopal, Nashik,
Mumbai, Nagpur, Hyderabad, Bengaluru, Chennai,
Visakhapatnam, and Thiruvananthapuram.

The focus of this paper is to portray the effect of
this lockdown on AQI and concentration of
particulate matter (PM

2.5
 and PM

10
) in the Indian

Himalayan Region (IHR) with reference to the
previous year 2019. The analysis and outcomes from
this study will augment the relationship between AQI
and concentration of particulate matter (PM

2.5
 and

PM
10

), that can be further utilized as patching
measures for our global degrading environment.

MATERIAL AND METHODS

Study area
The present study area deals with ambient air quality
assessment in Kullu valley. Kullu is a broad open
valley formed by the Beas River between Manali
and Larji. The study area forms a part of the Kullu
district covering three blocks naming Naggar, Kullu,
and Bhuntar (partially which lies in Beas River
Valley), which is a popular tourist destination in the
lower Himalayas, in Himachal Pradesh, India. This
valley is famous for its temples, beauty and its
majestic hills covered with Coniferous Forest and
sprawling Apple Orchards. The study area comprises
snow-covered valleys, glaciers, some rural
settlements, and a majority of dense forest areas. The
rural settlements are mostly in the vicinity of a
farming area, where the month of December marks
the sowing of winter crops, particularly wheat.
Ambient air quality was monitored at Mohal Latitude
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-31°54´54.15º N and Longitude-77°07´25.42º E. The
altitude of the study area varies from 1000 m to 6000
m Above Mean Sea Level (AMSL) as shown in (Fig.
1). Average annual rainfall and temperature of the
area is 733.4 mm and 17.20 p C, respectively. The
climate of the study area generally remains cool and
dry. This region experiences three seasons in a year,
(1) cold season (October to February), (2) hot season
(March to June), and (3) rainy season (July to
September). Snowfall generally occurs in December
and January at higher elevations due to western
disturbance which approaches India from the west
(Singh and Roy 2002). The average annual rainfall
of the district is 1405 mm, out of which 57% occurs
from June to September (CGWB 2013).

Methods
The present study was carried out during January to
June 2019 and 2020 mainly the focus on during the
lockdown period due to COVID-19. Respirable Dust
Sampler (RDS; Envirotech NL-460) was used to
monitor PM

10
, ambient air quality was monitoring

based on filtration-gravimetric method and Whatman
filter paper (20.3×25.4 cm) was used. The gaseous
pollutants such as SO

2
, NO

2
, and NH

3
 were also

monitored simultaneously in an attached Impinger
with the RDS, and analyzed the same following the
modified methods of West and Gaeke (1956), Jacobs
and Hochheiser 1958 and Nesseler’s Regeant
methods, respectively. The results obtained from
PM

10
 concentration and gaseous pollutants were

compared with NAAQS. Weighing balance (AND
GR-202 make) was used for weighing filter papers.
Fine Particulate Sampler (APM-550 make
Envirotech) was used for PM

2.5
. The Whatman Glass

Micro Fibre Filter paper (GF/A (47 mm) was used
to expose PM

2.5
. The samples were exposed on 24

hourly bases.
The HYSPLIT model (http://www.arl.noaa.gov/

HYSPLIT.php) of National Oceanic Administration
(NOAA) has been used to draw 7- days backward
pollution trajectories. The forward and backward
Trajectories are useful in examine the role of
meteorological parameters in pollutants dispersion
and also describe the time scale of different chemical
phenomenon (Fast and Berkowitz 1997). HYSPLIT
calculation depends upon the Eulerian and
Lagrangian models (Draxler et al. 1998). Eulerian

model is used only to address advection and diffusion
of pollutants of a fixed site where as Lagrangian
model address an air parcel moving over distance
(Draxler et al. 1998). The CALIOPSO satellite data
has been used to get real time data of the pollutant
dispersion. The Cloud-Aerosol Lidar with
Orthogonal Polarization (CALIOP) is the instrument
used in this satellite which is designed to acquire
vertical profile of atmospheric motions at two
wavelengths (532 nm and 1064 nm) from near nadir
viewing geometry. It also provides linear
depolarization profile at 532 nm (Winker et al. 2009).

The CALIPSO satellite (launched April 2006)
used to examine the role of clouds and aerosols in
Earth’s climate regulation. CALIPSO has a 98º orbit
inclination, orbiting at 705 km and disseminating
daily worldwide distribution of clouds and aerosols
Yamada et al (1992). CALIPSO carries CALIOP, is
an Imaging Infrared Radiometer (IIR), and a
moderate spatial resolution Wide Field-of-view
Camera (WFC) has depolarization corresponding to
wavelength 532 nm that are proficient of
discriminating amongst ice and water clouds and
identifying non-spherical aerosol particles. As a
result of this benefit, CALIOP is favored to quantify
the vertical structure of dust plumes directly. Here,
we used CALIPSO to supplement observations of
aerosol acquired by the Moderate Resolution
Imaging Spectroradiometer (MODIS) satellite data
products.

The Aerosol Radiative Forcing (ARF) calculation
equation. 1 was developed by Kim et al. (2005) as
follows:
F= - S/4 T+T- (1-N) 2 [(1-) 2 - 2 (1-)] .... (1)

where F is the radiative forcing (W/m2), S
incident solar flux at TOA, T+ and T- are the
upward and downward transmissions, N
cloudiness index,   aerosol optical depth
(AOD),  albedo (surface),  radiation
scattered as fraction upwards, and  is the
single albedo aerosol scattering.
Air mass trajectory over the entire Kullu valley

was analyzed using a HYSPLIT model. The air parcel
travels the distance above the boundary layer. The
boundary layer played an essential role in carrying
the aerosol over a long distance. These features are
explained by HYSPLIT back-trajectories connected
with CALIPSO satellite observations in the events
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Figure 1. Location of the study area in the Kullu valley, Himachal Pradesh
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of dust aerosol loading in day time. The air parcels
suggest the western flow of air-born particles towards
India.

Air Quality Index (AQI)
AQI was also computed to know the overall pollution
status. The AQI was measured modifying the formula
used by Bhaskar and Mehta (2010) as follows
equation. 2:

             100









std

obs

M

M
AQI      .............(2)

where, M
obs

= observed value of air pollutants, M
std

=
standard value of permissible limit of NAAQS

RESULTS AND DISCUSSION

Air Quality Index (AQI)
The AQI is one of the most important tools which is
used to report the overall air quality status and trends
based on specific standards. This Index gives an idea
about the environmental status as air quality and also
tells the general public to understand how clear or
pollute air they breathe daily.  According to
Environmental Protection Agency (EPA), it is
divided in six different limits (Table 1).

Table 1. AQI values and level of health concerns

Sr. No. AQI Value Level of health concern

1 0-50 Good
2 50-100 Moderate
3 101-150 Unhealthy for Sensitive Group
4 151-200 Unhealthy
5 200-300 Very Unhealthy
6 301-500 Hazardous

Local and External Sources Contribution of
Pollutants
The Concentration-Weighted Trajectory (CWT)
drawn in the months of April and May 2020 during
the COVID-19 lockdown period for the study site of
Mohal-Kullu showed that there was about 1-5 μg m-

3 contribution of particulate pollutants (PM
10

) from
outside and there was about 1-3 μg m-3 contribution
of particulate pollutants (PM

2.5
) from outside the

country. On the other side, there is a major

contribution of particulate (>10 μg m-3) matter from
the immediate local area of the project affected sites
shown in (Fig. 2).

It is clear from Figure 3 and Table 1,  the values
of AQI are in the good range for sampling sites which
are under good category. The AQI shows that there
is a change in index values before and during
lockdown period. Before lockdown the highest AQI
value was 25.0 and minimum 4.2 has been recorded.
On the other side, due to COVID-19 when the
lockdown was implemented, the AQI comes down a
lot, during at present the highest AQI value was 12.5.

PM
10

 & PM
2.5

 Concentration Before Lockdown
Before lockdown the highest ever concentration of
PM

10 
(162.6 μg m-3) was observed on 16th January,

2019 shown in Figure 4. The value of PM
10

 was
recorded minimum 35.4 μg m-3 on 20th May, 2019.
The average concentration of PM

10
 was observed

80.2±3.5 μg m-3. The concentration of PM
10

 during
March to May was observed 112.3 μg m-3 as
maximum on 22nd April, 2019. On the other side,
before lockdown the highest PM

2.5 
concentration was

recorded (65.2 μg m-3) on 28th May 2019 and lowest
concentration of PM

2.5 
(4.7 μg m-3) was observed on

28th January, 2019, and average concentration of
PM

2.5 
was observed 32.5±1.9 μg m-3. During our

observation period from January, 2019 to June, 2019
it was found that the total fifteen samples were cross
over the beyond permissible limit (100 μg m-3),
prescribed by National Ambient Air Quality
Standards (NAAQS), the reason behind that biomass
burning were high during winter and increase in
vehicular activities due to tourist influx as well as
the developmental activities Sharma et al. (2014).

PM
10

 & PM
2.5

 Concentration During Lockdown
Due to COVID-19 pandemic Government of India
has declared the Lockdown from 24th March, 2020
to 31st of May, 2020. During this period the PM

10

concentration ranged between 8.5 μg m-3 to 35.2 μg
m-3 with the mean value of 16.2.9±2.7 μg m-3. The
highest ever concentration of PM

10 
(35.5 μg m-3) was

observed on 27th May, 2020 and lowest on 26th April,
2020 shown in Figure 5. The lowest concentration
of PM

2.5
 was observed as 6.3 μg m-3 while the highest

concentration 40.6 was observed.
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Figure 2. Concentration-Weighted Trajectory shows the sources contribution of pollutants

Figure 3. Air Quality Index (AQI) in study site Before and During Lockdown

Diurnal Variation in PM
10

 and PM
2.5

Concentration
The diurnal variation of ambient air quality under
observation showed that there was a change in PM

10

concentration in different time periods of a day and
night. It was observed that concentration of PM

10

and PM
2.5 

was highest 24.1±6 μg m-3 17.7± μg m-3

respectively from 8:00 AM to 4:00 PM (Indian
Standard Time (IST), local time). The reason for this
is that even during lockdown the essential
departmental vehicular activity has been continued.
On the other side, the lowest concentration was
observed from 04:00 AM to 12:00 AM (IST local

time), shown in Figure 6 and Annexure. 6.

Percent (%) Change in PM
10

 Pollutants During
Lockdown Period
The central government also announced the curfew
in the state of Himachal Pradesh due to COVID-19
epidemic. All the vehicular and Industrial activities
were closed, which has a positive impact on our
environment as well as ecosystem services. In which
we wanted to know how many % reduction in air
pollution. During the study it has been found that
there is an 80% reduction in air pollution shown in
Annexure. 1.
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Figure 4. PM
10

 and PM
2.5

 Concentration at Mohal in 2019

Figure 5. PM
10

 Concentration during COVID-19 epidemic

Figure 6. Diurnal concentration of PM
10

 and PM
2.5
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Gaseous Pollutants During January 2019 to June
2020
The level of NO

2
 was observed to be ranged between

1.5 μg m-3 to 6.3 μg m-3 with the mean value of
3.7±0.1 μg m-3. While SO

2
 concentration ranged from

0.1 μg m-3 to 2.1 μg m-3 with the mean concentration
of 1.0±0.05 μg m-3. On the other side, the NH

3

concentration ranged between 4.1 μg m-3 to 32.1 μg
m-3 shown in Figure 7 and Annexures 2, 4. All the
values were within the permissible limit.

Gaseous Pollutants Concentration During
COVID-19
The study reveals that the gaseous pollutants such
as NO

2
, SO

2
 and NH

3
 were lowest as comparison to

previous year 2019. The NO
2
 concentration ranged

between 0.3 μg m-3 to 9.3 μg m-3 with the mean value
of 2.7 ±0.2 μg m-3. While the SO

2
 concentration

ranged from 0.1 μg m-3 to 1.9 μg m-3 with the mean
values of 0.8± 0.06 μg m-3 were recorded. All the
values were well within the permissible limit shown
in Figure 8 and Annexure 3, 5.

Back Trajectories, CALIPSO and Pollution
Sources
The seven days back trajectories were drawn using
HYSPLIT from NOAA to indicate long range
transport source during pollution episodes. The
trajectories were drawn one episode’s value during
winter season i.e., 16th January, 2019 at Mohal and
during spring season episode value on 10th April,
2019 at Mohal during the occasion of high pollution
days.

In and around Mohal site, the highest
concentration of particulate pollutants value (162.6
μg m-3) was observed on 16th January, 2019 when
the back trajectory was coming from Morocco,
Homoda Desert. The trajectory, thereafter, passed
through Algeria, Libya near Sahara Desert, Iraq,
Afghanistan, Islamabad (Pakistan), Pathankot
(India), Kangra district of Himachal Pradesh (India)
and ultimately reached at Mohal shown in Figure
9a. At the same time, observation through CALIPSO
shown that the vertical distribution of dust aerosols
was mainly below 8 km at Tibetan Plateau and
Irkustsk (Russia) shown in Figure 10a. It is thus made
clear that all these observations through the
trajectories have shown that they did not pass through
the Tibetan Plateau and Irkustsk (Russia) region and

were not contributing directly to pollution episodes.
This indicates that these episodes caused due to local
pollutants.

During spring season, the CALIPSO image shown
in Figure 10 that the vertical distribution of dust
aerosols at Koppal district of Karnataka (India). The
back trajectory moved from the Western Sahara,
Algeria, Lebia and passed through Iran, Afganistan
Pakistan, Kangra (India) and ultimately reached at
Mohal shown in Figure 9b. But the trajectories did
not cross over the vertical distribution of smoke,
aerosols. These observations showed that there was
no any outer source contributing to particulate
pollution at Mohal shown in Figure 10.

There are various studies that shows that
Himalayan ecosystem is not untouched by
anthropogenic activities (biomass burning, forest fire,
vehicular emission etc.) and these activities leads to
increase in the air pollution (Gajananda et al. 2005).
It has been reported previously that sources of air
pollution in the sites Kothi, Mohal (Western
Himalayan) and Darjeeling (Eastern Himalayan) are
human interferences like biomass burning, vehicular
emission and long-range transport of the pollutants
(Chatterjee et al. 2010, Kuniyal et al. 2015).
Similarly, it has been observed in the current study
that the sources of the pollution in Mohal are local
as well as long range transported dust particles as
depicted by HYSPLIT model. Kumar et al. (2020)
also reported in his study that industrial activities in
the Himalayan region, vehicular emission and long-
range transport of the pollutants are liable for the
degradation of the air quality of the Himalayan
region. Sharma et al. (2014) disclosed that in
Himalayan region quality of the air mainly affected
by the native activities like biomass burning, tourism,
agriculture and transport.

Further in the present study, it has been concluded
that during lockdown the concentration of PM

2.5 
and

PM
10

 has been decreased whereas, the AQI also
improved such as the values reached at 2.6 shown in
Annexure 5. Mahato et al. (2020) have reported the
same in his study that in megacity Delhi the
particulate pollutants like PM

2.5
 and PM

10
 were

reduced to (~40-60%). Yadav et al. (2020) and Mor
et al. (2021) also revealed during 2018 similar trend
in the other major cities of India like Chandigarh,
Mumbai, Pune and Ahmadabad. This decreasing
trend of pollutants during lockdown period was
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Figure 7. The gaseous concentration in the study site

Figure 8. The concentration of gaseous pollutants in the study site

observed, due to lesser human interferences with
environment (Beig et al. 2020). The considerable
decline in the pollutant’s concentration can be
accredited to the lesser vehicular emission and
industrial activities (Biswal et al. 2020; Singh et al.
2020; Tobias et al. 2020). Therefore, on the basis of
this study it has been disclosed that during lockdown
anthropogenic activities like vehicular emission,
tourism, industrial activities were minimum. All the
respective studies and in this current study AQI was
improved during the lockdown period. Yet, overall
impacts over this period were temporary it is
important to implement air pollution mitigation
strategies to protect nature and human health
associated with air pollution.

This study significantly directs us toward the acute
relationship between particulate matter and routine

mankind activities. As from the above results we can
easily analyze the proportional decrease in the
concentration of PM

2.5 
and PM

10
 with the decrease

in human activities during lockdown. The monitoring
of the air pollutants is crucial as to balance the
Himalayan ecosystem in a subtle way and its
investigation also concentrates on curving the ill
effects on human health. So, it is very much necessary
to maintain the balance between commercial
activities (industries, tourism, agriculture etc.) and
environment.

CONCLUSION

In essence, particulate pollution is high before
lockdown period which cross the permissible limit
(100 μg m-3) as set by NAAQS. Because during this
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Figure 9. Back trajectories using HYSPLIT Model to relate with highest particulate pollutants for: (a)
Winter season (b) Spring season of before lockdown

time vehicular and industrial activity were ongoing;
so here the pollutants level is highest. While
Lockdown were announced due to COVID-19 at that
time period it was observed that the pollution level
was decreased as 80%. It is also made clear from
HYSPLIT, CALIPSO and CWT analysis that there
is local source of pollutants. The AQI study reveals
that air quality of Mohal falls under good condition
and during Lockdown the AQI were much better than
other days. Therefore, on the basis of this study it
reveals that these types of Lockdowns are lifelines
for our environment.
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Annexure 1. Change (%) in particulate pollution
before lockdown (19 March to 30 May 2019)

Number of           PM 
10 

(μg m-3) % Change in
Samples 2019 2020 Pollutants

1 62.8 12.3
2 44.8 10.6
3 54.2 15.3
4 144.3 12.3
5 101.3 9.3
6 111.2 8.5
7 103.2 15.3
8 55.6 8.9
9 63.2 17.3
10 100.3 15.2
11 112.3 20.3
12 93.2 13.2
13 85.2 11.3
14 86.3 34.5
15 84.2 14.3
16 63.2 13.2
17 68.7 25.3
18 71.4 35.2
Average PM

10
83.6 16.2 -80.06

Average PM
2.5

32.5 15.3 -63.07

Annexure 2. Gaseous and particulate pollutants and
Air Quality Index (AQI) from January to March
2019

Sampling date NH
3

SO
2

NO
2

PM
10

PM
2.5

AQI

01/01/2019 12.3 0.6 5.2 85.1 65.1 22.7
02/01/2019 12.7 0.5 3.4 70.1 44.2 15.5
04/01/2019 7.4 1.0 4.3 102.3 30.0 11.1
08/01/2019 23.0 1.4 2.3 110.1 21.8 8.5
10/01/2019 13.2 0.9 4.5 121.3 29.9 11.3
14/01/2019 6.2 2.1 2.3 95.3 25.3 9.5
16/01/2019 18.8 0.9 2.5 162.6 36.1 13.7
18/01/2019 24.1 1.3 1.5 72.0 23.2 8.6
24/01/2019 7.8 0.9 3.1 51.8 53.3 18.4
26/01/2019 15.3 0.4 3.1 85.3 28.3 10.4
27/01/2019 8.7 0.1 2.9 74.3 22.1 8.2
28/01/2019 21.6 0.3 2.7 43.6 4.7 2.1
03/02/2019 19.0 1.6 2.5 59.2 22.1 8.1
05/02/2019 24.6 2.1 2.6 59.4 22.3 8.1
09/02/2019 17.9 0.9 3.1 77.3 14.2 5.6
11/02/2019 13.6 1.6 2.6 45.4 15.8 5.8
13/02/2019 14.2 0.6 3.1 50.8 17.5 6.4
17/02/2019 15.2 0.4 3.0 72.3 26.9 9.8
23/02/2019 17.5 0.9 4.1 63.2 22.0 8.1
25/02/2019 32.1 0.7 2.5 66.2 44.5 15.6
01/03/2019 23.7 1.2 2.7 100.3 18.2 7.2
07/03/2019 30.7 1.1 2.0 102.3 24.5 9.3
09/03/2019 23.9 1.3 2.5 95.1 30.2 11.1
15/03/2019 21.2 1.1 2.3 75.1 28.3 10.3
19/03/2019 13.5 0.8 2.8 49.8 25.3 9.0

Annexure 3. Gaseous and particulate pollutants and
Air Quality Index (AQI) from April to June 2019

Sampling date NH
3

SO
2

NO
2

PM
10

PM
2.5

AQI

02/04/2019 4.1 0.8 3.1 44.8 25.6 9.1
04/04/2019 8.9 0.9 2.3 54.2 21.7 7.9
06/04/2019 11.2 1.2 4.6 144.3 23.4 9.4
10/04/2019 8.6 0.9 4.2 101.3 30.4 11.2
12/04/2019 12.3 1.4 4.6 111.2 31.2 11.6
14/04/2019 8.7 0.9 3.9 103.2 25.1 9.5
16/04/2019 8.6 0.7 3.1 55.6 26.3 9.4
18/04/2019 9.5 1.5 2.3 63.2 21.2 7.8
20/04/2019 7.2 1.0 3.2 100.3 22.1 8.4
22/04/2019 11.1 1.6 2.0 112.3 43.2 15.6
24/04/2019 8.4 1.3 3.6 93.2 12.3 5.1
26/04/2019 12.5 1.3 3.9 85.2 51.3 18.0
02/05/2019 8.5 0.8 4.5 86.3 35.9 12.9
04/05/2019 8.9 1.4 4.8 84.2 45.6 16.1
06/05/2019 7.6 1.3 5.1 63.2 46.3 16.2
08/05/2019 4.3 0.7 5.6 68.7 52.1 18.1
10/05/2019 7.2 1.6 5.9 71.4 61.1 21.2
20/05/2019 5.6 1.0 6.1 35.4 44.3 15.2
22/05/2019 8.7 1.2 5.2 60.0 63.4 21.8
28/05/2019 9.1 0.6 5.6 54.3 65.2 22.4
30/05/2019 4.6 0.8 5.9 72.5 42.1 14.9
01/06/2019 8.2 0.9 4.6 57.2 51.3 17.7
03/06/2019 7.2 0.8 4.3 77.3 34.9 12.5
05/06/2019 10.2 0.9 4.5 110.6 37.4 13.6
07/06/2019 7.2 1.0 5.6 84.6 42.1 15.0
09/06/2019 5.6 1.0 6.1 94.6 38.9 14.0
15/06/2019 7.3 0.8 6.3 70.6 28.5 10.3
17/06/2019 8.1 0.9 5.1 120.3 26.5 10.1

Annexure 4. Gaseous and particulate pollutants and
Air Quality Index (AQI) from January to March
2020

Sampling date NH
3

SO
2

NO
2

PM
10

PM
2.5

AQI

16/01/2020 11.2 1.2 6.3 127.9 51.4 18.5
20/01/2020 9.3 0.9 5.6 82.8 22.7 8.5
22/01/2020 9.5 0.8 4.1 56.5 28.4 10.1
24/01/2020 11.3 1.2 3.2 120.3 58.2 20.7
30/01/2020 14.2 1.1 3.9 68.5 26.8 9.7
01/02/2020 7.9 1.6 3.1 91.1 55.3 19.4
03/02/2020 19.3 1.3 3.2 93.7 62.3 21.8
05/02/2020 21.3 1.1 3.5 59.6 50.3 17.5
07/02/2020 8.9 0.8 4.1 73.4 44.2 15.6
09/02/2020 14.3 0.7 3.9 96.8 35.6 12.9
11/02/2020 11.3 0.9 3.5 109.8 30.2 11.2
13/02/2020 25.3 1.1 3.1 134.0 34.3 12.9
15/02/2020 22.3 0.9 2.9 108.3 68.2 23.9
17/02/2020 26.3 1.9 3.1 90.2 37.5 13.5
19/02/2020 19.3 0.8 2.9 97.8 26.5 9.9
25/02/2020 21.3 0.7 3.1 91.2 35.2 12.8
27/02/2020 16.3 0.6 3.9 129.6 38.4 14.2
02/03/2020 17.2 0.4 2.9 70.4 35.1 12.5
31/03/2020 10.2 0.3 2.1 12.3 22.3 7.6
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Annexure 5. Gaseous and Particulate pollutants and
Air Quality Index (AQI) from April to June 2020

Sampling date NH
3

SO
2

NO
2

PM
10

PM
2.5

AQI

20/04/2020 8.3 0.1 1.1 10.6 8.9 3.1
21/04/2020 7.6 0.1 1.2 15.3 7.3 2.6
23/04/2020 2.3 0.2 1.1 12.3 11.2 3.9
24/04/2020 5.6 0.1 0.9 9.3 15.0 5.1
26/04/2020 11.2 0.2 0.8 8.5 8.6 3.0
29/04/2020 10.3 0.3 1.3 15.3 9.3 3.3
30/04/2020 3.6 0.1 0.9 8.9 8.6 3.0
02/05/2020 4.5 0.2 0.9 17.3 22.1 7.6
03/05/2020 6.3 0.2 1.4 15.2 8.6 3.1
05/05/2020 5.2 0.9 1.2 20.3 16.7 5.8
09/05/2020 7.1 0.5 0.3 13.2 10.5 3.6
11/05/2020 7.2 0.5 0.9 11.3 6.3 2.3
15/05/2020 6.3 0.4 0.8 34.5 9.3 3.5
17/05/2020 5.2 0.1 1.0 14.3 14.4 5.0
20/05/2020 9.1 0.2 0.9 13.2 10.3 3.6
25/05/2020 10.3 0.3 1.2 25.3 11.4 4.1
27/05/2020 11.2 0.1 1.1 35.2 15.3 5.5
02/06/2020 9.6 0.4 1.9 50.2 11.2 4.3
08/06/2020 9.1 1.1 1.9 55.3 29.5 10.5
10/06/2020 8.6 1.3 2.1 48.3 19.8 7.2
12/06/2020 5.5 1.1 2.3 47.7 12.3 4.6
14/06/2020 4.3 1.1 2.2 46.7 22.9 8.2
16/06/2020 5.6 1.2 2.1 73.4 15.8 6.0
18/06/2020 8.9 1.3 2.5 67.1 24.1 8.8
20/06/2020 8.1 0.9 3.6 50.2 40.6 14.1
22/06/2020 3.5 1.6 4.5 44.3 16.3 6.0
24/06/2020 7.9 1.6 4.9 45.9 24.4 8.7
26/06/2020 8.1 1.4 5.1 60.2 21.4 7.8
28/06/2020 9.1 1.0 5.2 55.3 11.2 4.4
30/06/2020 6.2 0.9 9.3 51.5 16.3 6.1

Annexure 6. Diurnal variation in PM
10

 and PM
2.5

concentration

Sampling Date 12AM-8AM 8AM-4PM 4PM-12AM

22/4/2020 8.2 7.6 11.3
25/4/2020 9.5 8.4 12.4
28/4/2020 8.6 37.9 10.2
05/04/2020 18.3 23.7 11.3
05/07/2020 15.5 8.1 23.3
16/05/2020 24.4 10.1 14.4
19/05/2020 11.3 9.9 10.6

Average 13.7 15.1 13.4

Max 24.4 37.9 23.3

Min 8.2 7.6 10.2

Count 7 7 7

SE 2.2 4.3 1.7


