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Abstract
This brief presents an intriguing aspect of the physico-chemical interactions among particulate majtglBNRMand
several gases pollutants during pre- (01 March to 24 March 2020) and COVIBtIhase of lockdown period (25 March
to 30 April 2020) over Delhi-National Capital Region. In order to see the impact of lockdown on ambient particulate and
gaseous pollutants, we have also compared the results of 2020 with a normal year 2019 and 2021. Results show relativel
clean atmosphere (reduced pollutants concentrations except ozone) during lockdown period as compared to pre-lockdowr
period of 2020. Similar kinds of results are seen for comparison of 2019 and 2020 for lockdown period. Further, we explore
the mechanisms enhancing ozone pollution over Delhi during the COVID-19 lockdown period, in contrast with trends in
the “ne particulate matter (P)J) and precursors of ozone (CO, NOWe suggest that lower N®as weakened the;O
chemical sink during the lockdown. Additionally, reduced aerosol loading allowed more incoming solar radiation favouring
ozone production as seen by comparing with 2019 and 2021. The results may be important for policy makers to curb pol-
lution in mega cities like Delhi.
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Introduction species has been d&d into organic carbon and elemen-
tal carbon (Kaul et aR012). These species play determin-
Due to lockdown, distinctly clean atmosphere is observeithg factor in driving radiation budget by various physical
and corresponding constituentse loads are reduced whichpsocesses. There are multiple direct and in-direct physical
been reported by various research{8pgcial Issue of Sci- and chemical processes which are studied and presented by
ence of the Total Environmer@OVID-19: Impact by and  various researchers (Tiwari et 2012 Rajput et al2018).

on the environment, 3 Dec 2020; Current ScienceEnvi-  Details on these aspects are not presented and deliberated
ronmental Impact of COVID-19, Volume 120, Issue 02, 25  here.
January, 2021, p. 241 447; and others). In addition, varia- In this paper, tstly, observations during pre- and lock-

tion of these constituents during pre- andedient phases of down (limited to ‘rst phase of lockdown) are shown over
lockdown period is as well reported and analysed by variou3elhi-National Capital Region (Fig. S1). Deliberations are
researchers (Venter et 2D20. However, out of these obser- highlighted on to provide rationale of increase qrd@ing
vations one of the important succinct aspects of increasingckdown, in particular, in the following paragraphs. At last,
surface Qis seen distinctly duringrst phase of lockdown discourse on the physico-chemical rationale on increaged O
in comparison with pre-lockdown. This increase is intrigudis provided.

ing and the present brief provides rationale for this with

physico-chemical interaction among various constituents.

Based on physico-chemical classiition, carbonaceous Data and method

54 A. P. Dimri Observations from Delhi Pollution Control Committee
apdimri@hotmail.com (DPCC) and Central Pollution Control Board (CPCB) at
_ _ eight monitoring stations in the Delhi-NCR (Fig. S1) are

" School of Environmental Sciences, Jawaharlal Nehru analysed. In addition, PM2.5 observations are also collected
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using Compact and Useful PM2.5 Instrument (CUPlanalyser (ii) Auto calibration (user selectable) (iii) Generate
(Dhaka et al2020 Nakayama et aR018). For better under- zero air of 99.9% purity (High Performance Zero Air Gener-
standing of diurnal and averaged variation of PM2.5, obsestor), (iv) Gas Phase Titration (GPT) with O3 generator hav-
vations from these three sources are considered. DPCC and 100% converter eciency for conversion of NQo NO.
CPCB monitoring stations provide data at the time resolu-or meteorological parameters, followings are the details
tions of 15 min. Data at high temporal resolution (~ 10 spf the instrumental accuracy and limitations for measuring
using CUPI are taken at Dwarka which is nearly 3 km awayl) wind speed (Accuracy: + 0.5 m/sec, Resolution: 0.1 m/
from DPCC Dwarka monitoring site. sec, Sensor Type: Ultrasonic), (2) wind direction (Range:
There are 38 monitoring stations in Delhi, which areD...359 degree, Accuracy: + 3 degree Resolution: 1 degree,
maintained by Delhi Pollution Control committee (DPCC),Sensor type: Ultrasonic), (3) Relative humidity (Range: 0
Central pollution control board (CPCB), and India meteto 100%, RH Accuracy: = 3.0%, Resolution: 1%), (4) Ambi-
orological department (IMD). We have selected 8 stationent temperature (Range: $10 to 60 °C, Accuracy: +0.2 °C,
which are representing almost all regions of Delhi-NCRResponse: 10 s in still air, Resolution: 0.1 °C), and (5) Solar
including Greater Noida (outskirt of the city in the eastermadiation (Range: 0 to 1500 W#nAccuracy: + 5.0%, Reso-
side), and Gurugram in the southern side. Please see Fig. &tion: 5 W/nT).
which depicts the locations of the stations. Some stations,
which are located in the close vicinity in the city, have been
skipped to avoid crowded feature in the time series. AlsoResults
we have taken into account continuous data, if there was a
gap of a single day; the station was not included, for whic®verall, out of the total mass concentration, the background
a few stations were left. At some stations, observations wepmllution in the atmosphere is about 50%, that is what we
disrupted due to lack of maintenance during the Covid-16all the baseline pollution, and remaining 50% is contrib-
lockdown are not taken in this study. uted by many sources jointly for instance transport combus-
The calibration of the CUPI sensor was conducted btion, anthropogenic emission, factories emission, and other
the manufacture using the cigarette smoke particles. Trmurces Observations show 50 to 70% decline in the mass
unit-to-unit variation of the sensitivity and accuracy of theconcentration of pollutants during lockdown than pre-lock-
sensor were reported to be typically less than 10% and 238ewn (Fig.1a...c and S2a...d) (Dhaka 2020. The most
respectively, at high resolution of ~10 s among the units irmportant “nding remains the non-homogeneous distribu-
previous study Measuring counts and intensities of scattergion of PM, . mainly associated with changes in meteoro-
signals from single particles by the sensor, total volume dbgical conditions. The concentrations have spatial vari-
the PM 5 is estimated. Using the conversion factor of 14ability of ~50 to 100% too. Distinct decrease in particulates,
this volume is converted to mass concentration. The CURIz., PM, 5 (Fig. 1a) and PN, (Fig. S2a) is seen during
detects Particles of <2.5 pm under high relative humidityockdown than pre-lockdown. Gaseous pollutants viz., NO
conditions >70%, having both liquid water and other com{Fig. 1b), O, (Fig. 1c), CO (Fig. S2b), SQQFig. S2c) and
positions are detected (Nakayama et28l18). Observed Ammonia (Fig. S2d), signtantly changed during lockdown
concentrations shoots up in the morning hours as the hattean pre-lockdown. It is observed that these are decreased
is lifted to sensor height of ~30 m (see Fig. 5 of Dhaka et ahy a signi‘cant factor of 2...3 excepwhich has increased
2020. Similar trends in hourly average concentrations oby almost similar ratios. During pre- and lockdown period
CUPI at Dwarka and DPCC station are seen. there are days of precipitation occurrences as well (these are
Continuous ambient air quality monitoring (CAAQM) not discussed here and reasons are providgdriraddition,
systems are used of eight stations, which follow strictlghere are diurnal variations in these constituents embedded
technical specitations and guidelines. Instrument of stand-within the decreasing concentrations.
ard company (Thermo Scientiy USA), which followed Most interesting observations are of decrease i NO
accepted international protocol of measurement in USA an(@Fig. 1b) and increase in {qFig. 1c) concentrations dur-
Europe etc. are deployed. Particulate matters are measuiad lockdown than pre-lockdown. Another fascinating
based on -ray attenuation principle with a minimum detectfeature emerged from the temporal analysis of, PMat
able unit of 2 ug and resolution of 1% measurement rangshows quasi-periodic oscillations with time period of about
CPCB team take proper care and release the daily averaded.7 days after 25 March 2020 (refer F&j. Amplitude of
data keeping in view at least 15 h availability out of 24 h. the "uctuations remained quite sigoiént that maintained
The Gas measurement and Calibration System detaits the order of 30-40 g/mfor~3 weeks. In addition, diur-
are follows which are in practice at measuring stations angal variation in PM s persisted in similar order as that of
capable of (i) Multipoint calibration using automatic dilution quasi-periodic Uctuations. However, it is stated by that
system for the calibration of SO2, NO, CO, NH3, and BTXearly morning increase in the Blylconcentration happened
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Fig. 1 Daily average oh PM2.5,b NO,, andc Ozone during pre- Gurugram, Greater Noida stations of Delhi-NCR. Vertical dashed line
lockdown (01 March to 24 March 2020) and lockdown (25 Marchat 24 March 2020 divides to pre- and lockdown period. Other dashed
to 30 April 2020) at Rohini, Dwarka, Mundka, Okhla, US Embassylines in Fig.a correspond to rain occurrence on those days

because of condensation of tiny water droplets, which werghange in the temperature, wind speed, ventilation rate and
lifted because of early morning sunlighin the absence speci“c humidity (see Fig. S4, for meteorological conditions
of pollutants emitted by transport and industry, backgrounduring March...April 2019, 2020, and 2021). In the stable
household emission remained, which is earlier mentioneatmosphere, for instance, duringst 2 weeks of April 2020

as baseline pollution. One direct relationship seems condguring lockdown, such systematic quasi-periodictuation

ing from meteorological parameters, which iseeted in  in PM, s seems caused by set up of atmospheric wave oscilla-
the form of a slight change in the pressure accompanied kipns. Since we could not examine the chemical composition
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most panel). Such distributions and diurnal variations arkvckdown (reduced anthropogenic emissions of aerosols)
very interesting. Another important observation is increaseould have affected also the boundary layer dynamics
in O3 concentration during lockdown than pre-lockdown.(Bharati et al2019). Perturbed boundary layer dynamics
Similarly, diurnal variations in other constituents duringcan also aect both PMgand Q simultaneously. Therefore,
pre-, lockdown and their ratios too studied but not deliberit may be possible that the increasegc@ncentrations dur-
ated upon here. ing lockdown period (Figlc, Fig.2) is a result of changing
Ozone shows significant variability as a function ofmeteorological conditions from pre- to lockdown period. In
meteorological parameters, mainly temperature, sunshireder to normalise this aspect, we have compared the results
hour, incoming solar radiation, boundary layer height an@lockdown year: 2020) with respect to a normal year of 2019
wind pattern (Kunchala et 82021, Kumari et al.2013.  and 2021 for lockdown period (1 April...30 April; RBY.
These distributions are shown in Fig. S4 and Fig. S5. Ozofi® elaborate this point of distinction of enhanceg ttne
shows increasing tendency with the start of spring seas@eries is shown for three consecutive years of 2019, 2020,
(March...April) every year over New Delhi. The solax ” and 2021 during March...April at a single station of Dwarka
increases continuously during the study period (FronfFig. S5). It is clearly seen that;@uring April 2020 is
March 1 to April 30) which signitantly a ects the ozone larger in comparison to years of 2019 and 2021. One can
productiort’. Atmospheric boundary layer also ascendsiotice from Fig. S5 solar insolation, preferably due to clear
as spring progresses and boundary layer air gets mixed gky, reaching on surface slightly larger.
with ozone rich free tropospheric air (Sahu et28l09). In general, Fig3 shows similar kind of pattern as seen in
This may also increase the concentration pindboundary  Fig. 2. Further, Fig3 (upper panel) illustrates averaged diur-
layer. Moreover, Delhi located in Indo-Gangetic Plain is alsmal variation of PM s during lockdown period (1 April ... 30
a hotspot of elevated aerosol loadings. An unprecedentdgril) in 2019 and 2020. Comparison shows that there are
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Fig. 3 Diurnal variation of PMg (upper panel), NO(middle panel), 2020) (central vertical panel) and its ratio (year 2020 divided by year
and Ozone (lower panel) during non-lockdown year (01April to 292019; right vertical panel) at Rohini, Dwarka, Mundka, Okhla, Guru-
April 2019) (left vertical panel), lockdown year (01April to 29 April gram, Greater Noida stations of Delhi-NCR
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Fig. 4 Schematic diagram showing dirent plausible reasons for ozone level increase over VOCs limited region during lockdown period

similar diurnal variations except magnitude which is lowercan be directly attributed to limited vehicular activities dur-
during 2020. Bimodal peaks on their increased concentréng lockdown. But then, the reason for increase jméed
tions are seen. FiguBx(upper panel, right most) shows their to be explored. Based on observations, it is seen that In the
ratio (2020 divided 2019). It shows decreased PM2.5 anambient atmosphere N@nd Q has non-linear relationship.
NO, concentration during lockdown period of 2020 as com- On the basis of observed data of the variations of various
pared to 2019. Again, Fi§.shows increased ozone concen-atmospheric constitutes in this study and available litera-
trations during night and morning hours in 2020 (lockdowriures, here we postulate following plausible reasons 8Fig.
year) as compared to that in 2019 (normal year) similar tand Fig4) of increase in Qconcentration during lockdown
Fig. 2 (lower panel, right most). period. (a)Role of NO, titration: Amidst NQ, NO, facili-

tate the formation of Qwhereas NO is destructor of (5il-

iman1999 Jhun et al2015 Generally, Q destruction by
Discussion NO dominates during night-time when photochemical reac-

tions are absettt It is possible that during lockdown, the
With above background concentration analysis, here rationtited direct emissions of NO (as compared to,Ni@Gm
of increased @with decreased NQluring lockdown is pro-  vehicles could restrict the dissociation of &nd thereby,
vided. Q in troposphere, termed as bad ozone. In addition teesults in build-up of @in the atmosphere, i.e., formation
" ux from stratosphere, it is formed via photochemical reaexceeded dissociation at the vicinity of source {N®a-
tions among NQ(NO, = NO,+ NO) and volatile organic tion e ect). Figure2 shows the night-time increase in O
compounds (VOCs). Primarily, tropospherig formation  concentration especially for polluted sites. Therefore, the
is due to oxidation of CO, CH4 and non-methane hydrosigni“cant decrease in direct emission of NO as compared
carbons. In addition conversion of NO to Naids it up. to NG, may be one of the important reasons for increaged O
Dissociation at 420 nm, forms NO and GR) from NG, during lockdown. (bRole of decreased PM, 5: Suspended
molecules (formed or directly released). Molecular oxygemparticulate matters in air (e.g., BM a proxy for aerosols)
combines with this atomic O to formy;CHowever, tropo- are directly involved in absorption and scattering of incom-
spheric Q net concentrations remains in steady state asiing solar radiation, thereby, reduce radiation reaching the
also undergoes dissociation by combining with NO (NOsurface and result in attenuation of photolysis which can
titration e ect). Thus, ratio of NGNO determines steady decrease the Lormation in polluted region (Xing et al.
state Q concentration. Hence, explicitly, increase in NO2017). The observed decrease in PMnd PM, concen-
determines loss in O3 and increase in,N@termines for- trations during lockdown as compared to pre-lockdown can
mation of Q. Therefore, with NO emissions;@oncentra- increase solar radiation reaching at surface and resultant
tion should decrease in ambient atmosphere. But the obserhanced photolysis can increase the surfagaorentra-
vations made across the country and world indicate loweion. The broadening of {peak during daytime (lockdown
NO, concentrations and higher, @oncentration in ambi- period; Fig.2) can be explained by above-mentioned mecha-
ent atmosphere during lockdown period than pre-lockdownism, i.e., aerosol-radiation interaction. Pjlso provide
especially over VOCs sensitive regibrisower NG, levels  surface for various heterogeneous reactions which reduce
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surface Qin polluted regions (Li et aR018). The decrease

in PM, s concentrations during lockdown may cease the sink
of O, via heterogeneous reactions and results in elevated

surface @, especially in night. However, the decrease in traf-

period: an interplay between the baseline pollution and mete-
orology. Sci. Rep10, 13442 (2020)https://doi.org/10.1038/
s41598-020-70179-8

Jhun, 1., Coull, B.A., Zanobetti, A., Koutrakis, P.: The impact of
nitrogen oxides concentration decreases on ozone trends in the

“ ¢ related emissions in Delhi during lockdown are expected USA. Air Qual. Atmos. HealtB8(3), 283...292 (2015)

to decrease anthropogenic VOCs (Wang e2@20 and
thereby, Q levels. It is expected that the; @vels might

Kaul, D.S., Gupta, T., Tripathi, S.N.: Chemical and microphysical

properties of the aerosol during foggy and nonfoggy episodes:
a relationship between organic and inorganic content of the

lowered either due to change or whether the generation of aerosol. Atmos. Chem. Phys. Discuk. 14483...14524 (2012)

chlorine radicals form excessive use of HOCI for disinfec-
tion purposes across places.

Concluding remarks

The present brief limits to the period where distinct changes
in particulate and gaseous pollutants emissions are observed.

Over megacities, like Delhi, there is ardent need of policy

governance and commitment to curb the air pollutants with

Kumari, S., Jayaraman, G., Ghosh, C.: Analysis of long-term ozone

trend over Delhi and its meteorological adjustment. Int. J. Envi-
ron. Sci. Technol10(6), 1325...1336 (2013)

Kunchala, R.K., Attada, R., Vellore, R.K., Soni, V.Kn,Wbha
Chilukoti, N.: On the understanding of surface ozone variability,
its precursors and their associations with atmospheric condi-
tions over the Delhi region. Atmos. R&$8, 105653 (2021)

Chen, X., Wang, Z., Du, H., Yang, W., Sun, Y., Hu, B, Li, J.,

Wang, W., Wang, T., Fu, P., Huang, H.: Radiative and heteroge-
neous chemical eects of aerosols on ozone and inorganic aero-
sols over East Asia. Sci. Total. Envir@22, 1327...1342 (2018)
Nakayama, T., Matsumi, Y., Kawabhito, K., Watabe, Y.: Development
and evaluation of a palm-sized optical PM2.5 sensor. Aerosol

simultaneous look out for VOCs related enhanced emissions Sci. Technol52, 2...12 (2018)

due to that. However, there is distinct relations with, NO
dampening with @enhancement is seen due to their photo-

chemical interactions in presence of other atmospheric

constituents.
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