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ABSTRACT
Ozone(O3), and its precursors, Benzene (C6H6), Nitrogen Dioxide(NO2), Carbon Monoxide (CO) and
meteorological parameters Temperature, Relative Humidity and Wind Speed were measured in urban
air of two sites of significant spatial variations, Delhi Milk Scheme (DMS), Sadipur and Netaji
Subhash Chander Institute of Technology(NSIT) Dwarka, during 2017–2018. Samples collected by
Central Pollution Control Board (CPCB) has been analysed. The concentrations of Benzene, Nitrogen
dioxide and Carbon monoxide were found to be more at DMS than NSIT site in winter season
(11.137±3.258, 5.540±1.441, 55.333±12.741, 44.667±10.066μg/m3, 1.433±0.058, 1.033±0.287mg/m3
respectively) and summer season (3.167±1.222, 2.233±0.929, 50.333±2.082, 31.333±6.658μg/m3,
0.743±0.151, 0.443±0.051mg/m3 respectively) while Ozone was found to be more at NSIT than DMS
site (40.333±3.215, 34.433±2.503μg/m3 respectively). The maximum concentrations of Benzene for
the DMS and NSIT sites, respectively, were 32.4μg/m3 and 17.7μg/m3 and was observed in the month
of November while minimum were 1.0μg/m3 and 0.6μg/m3 and was observed in the month of June.
For Ozone, the maximum concentrations for the DMS and NSIT sites, respectively, were 100μg/m3
and 101μg/m3 and was observed in the month of June while minimum were 33.0μg/m3 and 28.0μg/m3
and was observed in the month of February and December respectively. Regression analyses were
performed to correlate O3 concentrations with C6H6, NO2 and CO in order to infer their possible
sources. The study reveals that there is significant correlation of O3 with C6H6 (r2=0.475) and CO
(r2=0.985) in summer at DMS and with C6H6 (r2=0.902) & NO2(r2=0.728) in winter at NSIT. The
correlation of O3, C6H6, NO2 and CO with Temperature, Relative Humidity and Wind Speed has also
been investigated to understand their influence on these pollutants.
KEYWORDS: Air pollution; tropospheric ozone; benzene; regression; precursors.

INTRODUCTION
Surface ozone (O3) is an important trace gas in the lower troposphere which plays a key role in
enhancing the oxidizing capacity of the atmosphere and exerts adverse effects on human health
as well as damages ecosystem and agricultural crops (Wang et al., 2003, Garcia et al., 2005,
Mittal et., 2007, Jerrett et al, 2009, Niishanth et al., 2014, Faridi et al., 2018). It is a secondary
air pollutant because its formation occurs in the presence of sunlight and its precursors, i.e.,
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Benzene (C6H6), Nitrogen Oxides (NOx), Carbon monoxide (CO) etc., which control the budget
of tropospheric O3 (Garcia et al., 2005). The mixing ratio of O3 may be directly affected by the
changes in photolysis rate constant and indirectly by the NOx and HOx budget modifications. As
a consequence, the NO destroys O3, forming NO2 through photolysis.
Benzene has been recognized as toxic air pollutants (Chou et al., 2011, Pires , 2012,
Pusede & Cohin 2012). It exists in air predominantly in the vapour phase, with residence time
varying between few hours to a few days depending on the environment and climate.
Degradation of benzene in air occurs mainly by reaction with hydroxyl, alkoxy and peroxy
radicals. The importance of Benzene and other Volatile Organic Compounds(VOCs) in the
lower atmosphere is that they are precursors of O3, some of them are toxic to humans, and
they have multiple and different sources (Ainsworth et al., 2012). Its presence in the
troposphere changes the natural cycle of formation and destruction of O3 by reacting to form
radicals, which either consume NO or convert NO to NO2 resulting the accumulation of a part
of O3 in the atmosphere (National Research Council, 1991).
CO has been recognized as toxic air pollutants and precursor of O3. The chemical reactions
involved in tropospheric ozone formation are a series of complex cycles in which carbon
monoxide and VOCs are oxidized to water vapour and carbon dioxide. The oxidation begins
with the reaction of CO with the hydroxyl radical (OH) (Reeves, Claire et al., 2002). The
radical intermediate formed by this reacts rapidly with oxygen to give a peroxy radical HO2.
Peroxy-radicals then go on to react with NO to produce NO2, which is photo dissociated by
UV-A radiation to give a ground state atomic oxygen, which then reacts with molecular
oxygen to form ozone (Sharma & Sharma 2017).
In urban areas, O3 is mainly formed from complex photochemical interactions of volatile
organic compounds (VOCs) and nitrogen oxides (NOx). The controls of NOx emissions will
decrease ozone formation in areas with the NOx-sensitive regime but increase ozone
formation in VOC-sensitive areas (Mazzuca et al., 2016, Sharma et al., 2016, Chang et al.,
2016, Karl et al., 2017, Goldberg et al., 2016).
One method of estimating ozone sensitivity to precursor emissions with the aid of chemical
transport models is by examining the ratios of certain species (i.e. indicator ratios) that are
different for NOx-sensitive and VOC-sensitive conditions (Sillman et al. 1999). The study of
correlation between O3 and its precursors help to better understand the chemistry of ozone and
other components of photochemical smog and also to design more effective control strategies
to reduce O3 concentrations. (Kinga Wałaszek et al., 2018).
Meteorology plays an important role in air pollutants formation, dispersion, transport and
dilution. Therefore, the variations in local meteorological conditions, such as wind speed, wind
direction, temperature and relative humidity (RH), can affect the temporal variation of surface
O3 and its precursors ((Nishanth et al., 2014, Sharma and Sharma, 2016, Sharma, R.C. 2020).
Thus in order to reduce O3 concentrations, it is necessary to control the emissions of its
precursors and hence their sources. Benzene is released into the environment from both
natural and man-made sources, although the later is the most significant source. The main
sources contributing in Delhi to Benzene emissions are regional sources and mobile sources
(Sillman 1999). The content of Benzene in gasoline is usually 25% to 30% [Trail et al., 2014,
Geng et al., 2008).
Many studies on C6H6 in urban and rural atmosphere have been carried out around the
world ( Keymeulen et al., 2001; Barletta et al., 2005; Parra et al., 2006; Velasko et al., 2007;
Tiwari et al., 2010; Miller et al., 2011; Civan et al., 2011; Shaw et al., 2015). However, only
few studies carried out in urban location in India (Garg et al.,2019, Chaudhary et al., 2012)
and there is still a substantial lack of information on C6H6 abundance and spatial localization.
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In the present study, two sites Delhi Milk Scheme(DMS), Sadipur, Patel Nagar, a mixed
region and Netaji Subhash Chander Institute of Technology(NSIT), Dwarka, developed as a
smart city, in Delhi, the National Capital of India has been selected. This study aims to
investigate the variation in O3 with its precursors C6H6, NO2 and CO in ambient air of two
urban sites located in Delhi, during winter and summer seasons in 2017-2018. The main
objectives of this research were as follows: (1) to assess seasonal variation of O3, C6H6, NO2
and CO in regions of different topology (2) to correlate concentrations of O3 with
concentrations of air pollutants C6H6, NO2 and CO to infer how these pollutants influences the
natural cycle of formation and destruction of O3 (3) to correlate concentrations of air pollutants
O3, C6H6, NO2 and CO with meteorological parameters such as Temperature, Relative
Humidity and Wind Speed to infer their influences on concentrations of these pollutants.
MATERIALS AND METHODS
The study has been conducted at two sites Delhi Milk Scheme(DMS) and Netaji Subhash
Chander Institute of Technology(NSIT) Dwarka, of Delhi, the national capital of India (Fig.
1). DMS monitoring station is located in Sadipur, Patel Nagar subdivision of West Delhi
administrative districts (28o 39’ 07’’N, 77o 09’ 27’’E). West Delhi is bound by the districts
of North West Delhi to the north, North Delhi and Central Delhi to the east, South West
Delhi to the south, and Jhajjar District of Haryana state to the west. West Delhi has an area of
129 km², with a population density of 19,625 inhabitants per square kilometre. Patel Nagar
subdivision of West Delhi district has total population of 1,262,158 as per the Census 2011
and its population growth rate over the decade 2001-2011 was 18.91%. It is a mixed region
having industrial, commercial and residential activities. Major residential and commercial
areas of Delhi like Janakpuri and Tilaknagar are located in this district while industrial and
commercial areas Mayapuri and Naraina are in neighbourhood.
The area is serviced by a depot for the Delhi Transport Corporation (DTC), Shadipur
Station of Delhi Metro and a number of petrol pumps. Close to it lies an important
intersection, where average number of vehicles on a typical summer evening passing through
the intersection per green signal is 280. The number of cars and buses that populate that
stretch of the signal is about 148. The signal of the previous intersection is also usually
synchronized with this one.
NSIT monitoring station is located in Dwarka (Latitude 28o 40' N and 28o 29’ N and
Longitude between 76o 50’ E and 77o 14’ E) which is a sub-city of South west District of
Delhi, and a diplomatic enclave. Dwarka is being developed as residential green area and
a smart city under Delhi Development Authority's ‘smart sub-city’ project. The main source
of pollution in the study area are excessive construction and demolition activities, vehicular
emission, domestic cooking, stubble burning in the neighboring states, industrial emission and
commercial activities in the surrounding areas and other man made perturbation on account of
excessive population loading (Sharma, R. C. 2020).
In order to identify the concentrations of O3, C6H6, NO2 and CO, an online continuous
monitoring system, also known as Continuous Ambient Air Quality Monitoring System
(CAAQMS) have been used (CPCB, 2003). The CPCB has laid down the national guidelines for
the monitoring and chemical analysis of BTX in ambient air through CAAQMS by using Gas
Chromatography (GC) (CPCB, 2012). The concentrations of C6H6 on online continuous
monitoring system were analysed by chromatographic separation in the gaseous phase followed
by their detection using a Photo Ionization Detector (PID). For the comparative analysis of
summer and winter seasons, the data have been analysed from November 2017 to June 2018
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which includes the winter and summer seasons. For the statistical analysis, the Microsoft Excel
and MINITAB software were used to analyze the data. Descriptive statistics have been used to
find out the range of concentration, mean concentration and standard deviation (Garg et al., 2019).
The linear regression analysis has been used to correlate the ozone with its precursors C6H6, NO2
and CO, and also with meteorological variables temperature, relative humidity and wind speed.

Fig. 1. Spatial location of DMS and NSIT Continuous Air Quality Monitoring Stations, operated by
Central Pollution Control Board (CPCB), Delhi.

RESULTS AND DISCUSSION
In this study, we have analysed and correlated the O3 and its precursors C6H6, NO2 and CO
concentrations obtained at two sites in mega city Delhi, in Northern India for winter and
summer seasons for the period from November 2017 to June 2018. The O3, C6H6, NO2 and
CO seasonal variations and influence of C6H6, NO2 and CO on O3 concentration were
analysed using regression analysis. The results are presented in Figure 2-12 and the results of
regression analysis are presented in Table 1-4.
CONCENTRATIONS OF OZONE, BENZENE, NITROZEN DIOXIDE AND CARBON
MONOXIDE

Fig. 2. Concentration of Benzene at DMS and NSIT, Delhi
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Fig. 3. Concentration of Ozone at DMS and NSIT, Delhi

Fig. 4. Concentration of Nitrogen Dioxide at DMS and NSIT, Delhi

Fig. 5. Concentration of Carbon monoxide at DMS and NSIT, Delhi

It can be seen that the monthly mean concentration of O3 varies from 17.1μg/m3 to 37.0μg/m3
at DMS site and from 20.0μg/m3 to 44.0μg/m3 at NSIT site. O3 was observed to be maximum in
the month of May (summer) and minimum in the month of December (winter) at both the sites
(Moja et al., 2017). The monthly mean concentration of C6H6 varies from 2.70μg/m3 to
14.31μg/m3 at DMS site while 1.2μg/m3 to 7.12μg/m3 at NSIT site. C6H6 was observed to be
maximum in the month of November and minimum in the month of June at both the sites. NO2
monthly mean concentration varies from 38.0μg/m3 to 70.0μg/m3 at DMS and 24.0μg/m3 to
57.0μg/m3 at NSIT. NO2 was observed to be maximum in the month of November at both the
sites while minimum in the month of March at DMS and in the month of June at NSIT site. The
mean seasonal concentrations of O3, C6H6, NO2 and CO are presented in Table 1.
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Table 1. The mean Seasonal Concentrations of O3, C6H6, NO2 and CO at DMS and NSIT sites, Delhi
Monitoring
sites
DMS
NSIT

Season
Winter
Summer
Winter
Summer

O3 (μg/m3)
21.000 ± 4.000
34.443 ± 2.503
22.667 ± 4.619
40.333 ± 3.215

Mean Seasonal Concentrations
C6H6 (μg/m3)
NO2(μg/m3)
11.137 ±3.258
55.333 ±12.741
3.167 ±1.222
50.333 ±2.082
5.543 ±1.441
44.667 ±10.066
2.233 ±0.929
31.333 ±6.658

CO(mg/m3)
1.433 ±0.058
0.743 ±0.151
1.033 ±0.287
0.443 ±0.051

The observed increase in winter time NO2 level is a local manifestation of seasonal
variation in vertical mixing intensity that is weaker due to lower planetary boundary layer
height (478.03 – 685.92 m), slowest chemical loss due to lowest temperature (15.3 –
21.42oC), much higher anthropogenic emission and associated atmospheric residence times of
pollutants in the lower troposphere (Berezina et al., 2020, Venkanna, et al.,2015, Monks et
al.,2015, Sharma & Sharma 2016). The observed low value of NO2 in summer can be
attributed to stronger vertical mixing due to higher planetary boundary layer height (707.25m
– 749.57m) and faster transition from NO2 to O3 due to higher temperature (Sharma &
Sharma, 2017).
CO monthly mean concentration varies from 0.6 mg/m3 to 1.4mg/m3 at DMS and
0.4mg/m3 to 1.2mg/m3 at NSIT. CO was observed to be maximum in the month of December
at both the sites while minimum in the month of May at DMS and in the month of June at
NSIT site. C6H6 shows the decreasing trend from winter to summer while O3 shows the
increasing trend. NO2 and CO shows more or less similar trend as C6H6. Also, the monthly
mean concentration of C6H6, NO2 and CO were found to be higher at DMS site than at NSIT
site, probably because DMS is located in a mixed region having industrial, commercial and
residential activities, the major residential and commercial areas of Delhi
like Janakpuri and Tilak Nagar are located in this district which may be the source of these
precursor gases while NSIT site is located in Dwarka, which is being developed as residential
green area and a smart city under Delhi Development Authority's ‘smart sub-city’ project.
Higher concentrations values of C6H6 during winter season at both the locations may be
due to low rate of dispersion because of the stable atmosphere during the winter season, low
rate of degradation and low mixing height (478.03 – 685.92 m) at low temperature (15.3 –
21.42oC) in winter season and reduction in C6H6 removal due to slow down of photochemical
reactions as a result of short day length and lower solar intensity.

Fig. 6. Seasonal variation of Ozone, Benzene and Nitrogen Dioxide at DMS, Delhi
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Fig. 7. Seasonal variation of Ozone, Benzene and Nitrogen Dioxide at NSIT, Delhi

Fig. 8. Seasonal variations of Ozone and Carbon monoxide at DMS and NSIT, Delhi.

C6H6 exhibit very clear seasonal characteristics for the study area (Fig. 6). Observed seasonal
trends can be addressed by the seasonal characteristics of the prevailing meteorology, variations
in the source strength and, most importantly, the availability of OH radical and insolation that
take care of the removal process of the VOC species from the atmosphere. The meteorology in
Delhi shows an explicit winter and summer characteristics. In the winter months’ calm
conditions and high stability of the atmosphere prevails, which hinder the pollutants from
dissipating faster. Temperature inversion, which is a common phenomenon in the winter
months and low mixing heights do restrict dilution process of the pollutants. Thus in the winter
months the pollutants generally show a higher level of concentration. In contrast, the summer
months, the study area experience higher mixing height (707.25 – 749.57 m) and an unstable
atmosphere. Meteorologically these factors favour to better mixing and easy dissipation of the
pollutants leading to their lower levels in the atmosphere. Delhi records more insolation during
summers which helps in the photolysis of species like ozone, aldehydes etc., and leading to the
formation of OH radical. Thus in the summer months high level of OH concentration could
prevail in the atmosphere of Delhi, which plays the key role in the atmospheric clean up and
degradation process of the aromatic VOCs. The seasonal profiles were almost similar at both
the sites. The transition in variability of O3, C6H6, NO2 and CO can be easily seen with the
change of season from winter to summer (Fig. 6, 7 & 8). Also in order to infer the effect of
precursors on concentration of O3, the O3-C6H6, O3-NO2 and O3-CO ratio has been calculated
and plotted for period of study (Fig. 9, 10 &11). It has been found that these ratio shows the
similar trend at both the sites but the values are higher at NSIT than DMS site, indicating that
the precursors do effect the concentrations of O3.
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The efficiency of O3 photo chemical production depends on the relationship between C6H6
and NO2, with an increase in the C6H6/NO2 causing an increase in O3 production per NO2
molecule & vice versa and, consequently to an increase in O3 ground level concentration
(Sillman, S. 1999). This feature has been observed in the present study at both the sites in
summer(Fig.12).

Fig. 9. Ozone-Benzene ratio at DMS and NSIT, Delhi

Fig. 10. Ozone-Nitrogen Dioxide ratios at DMS and NSIT, Delhi

Fig. 11. Ozone-Carbon monoxide ratios at DMS and NSIT, Delhi
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Fig. 12. Ozone Photo Chemical Production

CORRELATION OF OZONE WITH ITS PRECURSORS BENZENE, NITROZEN DIOXIDE
AND CARBON MONOXIDE AND SOME METEOROLOGICAL VARIABLES
linear Regression analysis was carried out in order to determine relations among the measured
variables. The Regression analysis results are given in Table 2 and 3 for both sampling sites.
Table 2. Correlation of O3 with C6H6, NO2 and CO during summer and winter
Monitoring sites

Pollutant

DMS

O3

NSIT

O3

Season
Winter
Summer
Winter
Summer

C6H6
r2
0.213
0.475
0.902
0.356

NO2
r2
0.679
0.081
0.728
0.004

CO
r2
0.750
0.985
0.250
0.139

Table 3. Correlation of C6H6 with NO2 and CO during summer and winter
Monitoring sites

Pollutant

DMS

C6H6

NSIT

C6H6

Season
Winter
Summer
Winter
Summer

NO2
r2
0.779
0.794
0.419
0.702

CO
r2
0.711
0.354
0.559
0.271

O3 had positive correlation with C6H6, NO2 and CO during winter at both the sites but this
correlation is found to be weak at DMS (r2=0.213) than NSIT (r2=0.902) for C6H6 and found
to be strong at DMS (r2=0.750) than NSIT (r2=0.250) for CO. With NO2, the correlation was
found to be strong at both the sites (r2=0.679 at DMS and r2=0.728 at NSIT). In summer, the
correlation was found to be weak in comparison to winter. CO shows strong negative
correlation with O3 at DMS (r2=0.985) but weak correlation at NSIT (r2=0.139) while NO2
shows weak correlation with O3 at DMS (r2=0.062) but very weak or no correlation at NSIT
(r2=0.004). With C6H6, the correlation was found to be moderate at both the sites (r2=0.475 at
DMS and r2=0.356 at NSIT). When O3 precursors are mutually correlated (Table 3), it was
found that, C6H6 is strongly correlated with NO2 both in winter and summer at both the sites
but correlation is stronger in summer than is winter, while correlation of CO with C6H6 is
stronger in winter than in summer.
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INFLUENCE OF TEMPERATURE, RELATIVE HUMIDITY AND WIND SPEED ON
CONCENTRATION OF OZONE AND ITS PRECURSORS, BENZENE, NITROZEN
DIOXIDE AND CARBON MONOXIDE
The influence of Temperature, Relative Humidity and Wind Speed on concentration of O3 and
its precursors Benzene, Nitrogen Dioxide and Carbon-monoxide has been studied using
regression analysis and the results are presented in Table 4.
Table 4. Correlation of O3, C6H6, NO2 and CO with Meteorological Variables Temperature, Relative
Humidity and Wind Speed during summer and winter
Monitoring
sites

Pollutant
O3
C6H6

DMS
NO2
CO
O3
C6H6
NSIT
NO2
CO

Season
Winter
Summer
Winter
Summer
Winter
Summer
Winter
Summer
Winter
Summer
Winter
Summer
Winter
Summer
Winter
Summer

Temperature
2

r
0.375
0.939
0.968
0.239
0.814
0.002
0.856
0.984
0.864
0.708
0.995
0.005
0.114
0.236
0.625
0.665

Relative
Humidity
r2
0.025
0.027
0.901
0.686
0.477
0.985
0.399
0.002
0.439
0.218
0.709
0.976
0.021
0.831
0.974
0.417

Wind
Speed
r2
0.395
0.071
0.961
0.778
0.918
0.998
0.871
0.021
0.041
0.311
0.997
0.997
0.414
0.746
0.605
0.316

Reference

Sharma, 2020
Sharma, 2020
Sharma, 2020
Sharma, 2020

The meteorological variables under study that influence the concentration of O3 are the
temperature, relative humidity and wind speed. There is good correlation of O3 with
temperature (r=0.612, r2=0.375) and wind speed (r=-0.629, r2=0.395) which is followed by
relative humidity (r=-0.159 r2=0.025) in winter. Thus in winter the high concentration of O3 are
therefore, likely to occur with high temperature and low relative humidity. In summer, there is
strong correlation of O3 with temperature (r=0.969, r2=0.939) but very weak correlation with
relative humidity (r=-0.169, r2=0.027) and win speed (r=-0.267, r2=0.071). Thus in summer, the
high concentration of O3 are therefore likely to occur with high temperature, low relative
humidity and low wind speed (Saini et al, 2008, Sharma et al., 2016).
As O3 precursor C6H6, NO2 and CO are concerned, there is strong correlation of C6H6 with
temperature, relative humidity and wind speed but this correlation is positive with
temperature and negative with relative humidity and wind speed at both the sites in winter.
Similar correlation has been observed in case of NO2 and CO in winter. However, these
correlations are relatively weaker in summer. This indicate that the precursors C6H6, NO2 and
CO influence the concentration of O3 through meteorological variables temperature, relative
humidity and wind speed. Also the correlation of O3 and its precursors C6H6, NO2 and CO
with meteorological variables are found to be relatively weaker at NSIT site than DMS site. It
may be due to the complex sources of these pollutants at DMS site which is industrial,
commercial and residential site than at NSIT site which is purely residential site developed as
a green region.
A comparison of our study with other studies related to Ozone and its precursors is given
in Table 5.
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Table 5. Comparison of Our study with other studies
Study

City/
Country

Study Area

Pollutants with level

Findings

Lal S. et al.,
2000

Ahmedabad, India

Urban

O3 and its Precursors
NOx, CO & CH4.
O3(24±4 - 60±6 μg/m3)

Ozone concentrations are observed
to be maximum during autumn and
winter months due to higher
amounts of precursor gases.

Kleinman, L.I.,
2005.

U.S.

Urban

O3 and its precursors
NOx and VOCs.
O3 production rate (0310) μg/m3/h

Conditions for O3 production vary
from strongly NOx limited to
strongly VOC limited.

Urban

O3 and its precursors
NOx and CO
O3; Max. 170-180
μg/m3, Mini. 20-30
μg/m3

Precursors plays significant role to
photo-chemically produce ozone.
Local emissions and their temporal
variation
due
to
prevailing
meteorological condition are the
responsible factors.

Beig G et al.,
2007.

India

Saini, R. et al.,
2008.

Agra, India

Urban

Sierra, A. et al.,
2013.

Maxico city, Maxico

Urban Maxico.

Kannur, India

Rural coastal
(nonindustrial)

Nishanth T. et
al., 2014

Motesaddi
Zarandi et al.
2015.

O3 and its precursors
NO2 and CO
O3 (average conc):2.4 138 μg/m3.
O3 sensitivity to its
precursors.
O3; maximum
reduction rate of 0.4
μg/m3 /1% reduction in
VOC emissions
O3, NOx, CH4,& total
NHMCs
O3, Max. 101.66
μg/m3, Mini. 31.52
μg/m3
NOx & Surface O3
concentration
Daily Variation: O3;
Mini.14.12 μg/m3,
Max. 132.52 μg/m3.
NO2: Mini. 56.27
μg/m3, Max. 151.36
μg/m3,
O3, NO2, NO, CO,
CH4, NMHCs.
O3 (Annual average)
60±12 μg/m3
NO2:28.2±7.52 μg/m3,
CO:2.25±0.6 mg/m3
O3, NOx, VOCs.
O3; 56 - 102μg/m3

The high concentration of O3 at SJC
is due to higher abundance of
precursors NO2 and CO.

VOC controls would have a better
effect on ambient air O3 reduction.
The net effect of NOx on O3
concentration was negative with a
decaying exponential correlation
indicating a possible VOC sensitive
location.
Factors for O3 trend: Job shifts,
solar radiation and photochemical
reactions are the main causes of
daily changes for these pollutants; in
case of long-term trend of NO2.

Tehran, Iran

Urban

Sharma Ashima
et al., 2016

Delhi, India

Urban,
Industrial,
Commercial &
residential

Kinga Walaszek
et al.,2017

Poland

Urban

Sharma R,
Sharma N. 2017

Gurgaon, Rohtak &
Panchkula,Haryana,
India

Urban

O3, SO2, NO, NO2, CO
O3: 17.5-31.5 μg/m3

Urban

C6H6, BTp-X
Dwarks: 0.5 –
6.66μg/m3
Sadipur:1.1 – 12.71
μg/m3

The concentration of BTp-X was
found higher during winter season as
compare to the summer season.

Baicheng Region,
China

Urban

O3 and Its precursor
variability.
O3: 17 - 213 μg/m3
Average: 83 μg/m3

Delhi, India

Urban
(Industrial,
Commercial
and
Residential)

O3 and its precursors
C6H6 ,NO2, CO &
meteorological
variables. Average O3:
DMS, 3.167 – 11.137
μg/m3, NSIT; 2.233 –
5.543 μg/m3

Overall O3 concentration follow as:
spring > summer > winter > autumn
in 2018. The situation in 2018 was
related to the O3 precursor and other
meteorological factors.

Garg A. et al.,
2018

TING TING
QIN et al., 2021

Present Study,
2021

Delhi, India

The mixing ratio of surface
O3 positively correlate with NO2,
TNMHCs,
NO2/NO
and
NMHCs/NOx and influence the
surface O3 production.
Mixed sensitivity to emissions of
precursors
Seasonal effects plays significant
role in regulating the concentration
of O3, NOx, CO and SO2.

The natural
sources of the
significantly
concentration
precursors.

and anthropogenic
study area contribute
in regulating the
of O3 and its
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CONCLUSIONS
Following conclusion can be drawn from the present study
1. The monthly mean concentration of C6H6, NO2 and CO are higher at DMS site than at
NSIT site while the monthly mean concentration of O3 is higher at NSIT site than at
DMS site. This indicate that the natural and anthropogenic sources of the study area
contribute significantly in regulating the concentration of O3 and its precursors.
2. The O3 and its precursors exhibits seasonal characteristics. A sharp transition has been
observed in variability as the season changes from winter to summer.
3. Seasonal effects play significant role in regulating the concentration of O3 and its
precursors C6H6, NO2 and CO.
4. In order to infer the effect of precursors on concentration of O3, O3-C6H6, O3-NO2 and
O3-CO ratio has been calculated and plotted for period of study (Fig. 9, 10, 11). It has
been found that these ratio shows the similar trend at both the sites but the values are
higher at NSIT than DMS site, indicating that the concentrations of precursors do effect
the concentration of O3.
5. Regression analysis reveal that C6H6, NO2 and CO play significant role in formation
and destruction of O3. It is also effected by prevailing meteorological conditions of the
study area.
6. Increase in the C6H6/NO2 ratio caused an increase in O3 production and vice versa, of
the NO2 molecule and, consequently, to an increase (or decrease) in ground-level O3
concentration. This feature has been observed during summer in the present study.
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