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Abstract Air pollution and its effects on human
health and the environment are one of the main
concerns in urban areas. This study focuses on the
distribution and changes in the concentrations of
ozone and its precursors (i.e., NO, NO, and CO) in
Tehran for the 20-year period from 2001 to 2020. The
effects of precursors and meteorological conditions
(temperature, wind speed, dew point, humidity and
rainfall) on ozone were investigated using data from
22 stations of the Air Quality Control Company
(AQCC) and meteorological stations. Regression
models were applied to evaluate the dependence of
ozone concentration on its precursors and meteoro-
logical parameters based on monthly average values.
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Finally, the monthly and annual levels of surface
ozone and total column ozone were compared during
the study period. The results show that the average
ozone concentration in Tehran varied substantially
between 2001 and 2008, and decreased after 2008
when stringent air quality control measures were
implemented. The highest average concentration of
ozone occurred in the southwest of Tehran. Although
mobile and resident sources play an important role in
the release of precursors, the results also indicate a
significant effect of meteorological conditions on the
changes in ozone concentration. This study is an
effective step toward a better understanding of ozone
changes in Tehran under the changing influence of
precursors and meteorological conditions.

Keywords Tropospheric ozone - Short-lived climate
pollutants - Meteorological condition - Air pollution -
Climate change

Introduction

Air pollution is one of the main problems in industrial
cities. Reducing the damage caused by air pollution
requires careful evaluation of the pollutant concentra-
tions and influencing parameters. In addition to
pollutant emitters, meteorological parameters have a
significant role in the amount of pollution and
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consequently the air quality of the urban environment
(Javanbakht Amiri & Khatami, 2012; Kayes et al.,
2019). The city of Tehran, the capital of Iran, is facing
an air pollution crisis in recent years due to population
growth, increase in the number of vehicles, as well as
the intense concentration and accumulation of indus-
tries (Sotoudeheian et al., 2014). Tehran is one of the
most polluted cities in the world (EEA, 2018).
Therefore, it is very important to study the air
pollution trends in the city.

Tropospheric ozone (O3) is a very strong oxidant
that is an indicator of photochemical oxidants. Ozone
is a summer pollutant and an important short-lived
climate pollutant (Faridi et al., 2018; Liu et al., 2019).
Tropospheric ozone plays an important role in atmo-
spheric chemistry, air quality, and climate change and
is harmful to human health and agricultural production
(Agathokleous et al., 2020; Monks et al., 2015; WHO,
2003; Zeng et al., 2008). In recent years, high levels of
ozone (03) and its effect on air quality have become a
global challenge (Li et al., 2019; Paoletti et al., 2014).
It has been suggested that for every 10 pg/m’ increase
in ozone concentration, the daily human death rate
increases by about 0.3% and the death rate of heart
patients by about 0.4% (Colls & Tiwary, 2009). Ozone
has an associated radiative forcing of 0.35 W/mz, but
its maximum concentrations on the ground rarely last
more than two to three hours (Cross & Pierson, 2013).
The half-life of tropospheric ozone at 20 degrees
Celsius is about three days (Shindell et al., 2012).
After carbon dioxide and methane, tropospheric ozone
is the third leading cause of global warming (Fowler
et al., 2008; Stevenson et al., 2006).

Tropospheric ozone is produced by chemical reac-
tions between Volatile Organic Compounds (VOCs)
and carbon monoxide (CO) and hydroxyl radicals
(OH) in the presence of nitrogen oxides (NOXx) in the
atmosphere. Therefore, nitrogen oxides (NOx) and
VOCs (as well as CO) are precursors of tropospheric
ozone (Crutzen, 1974; Retama et al., 2015). In other
words, ozone is formed when pollutants react chem-
ically in the presence of sunlight (Cao et al., 2019;
Sudo & Akimoto, 2007). In addition to natural
sources, anthropogenic emissions of ozone precursors
play a dominant role, especially in industrial cities
such as Tehran. The main sources of carbon monoxide
(CO), as one of the most important precursors of
ozone, are the combustion of fossil fuels in vehicles,
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power plants and the burning of biomass (Brook et al.,
2004; Godish et al., 2003).

Ozone concentrations are mostly controlled by the
photochemical production from the precursors NOx,
VOCs and CO, which in turn is influenced by the
meteorological conditions (Calvert et al., 2015; Ibarra-
Berastegi et al., 2008; Lu et al., 2019). Generally,
photochemical production of ozone in the troposphere
is the main factor in increasing the concentration of
this pollutant in the troposphere (Archibald et al.,
2020; Liu et al., 1987; Murao et al., 1990; Penkett
et al., 1986; Seinfeld et al., 1986). The main reaction
that produces ozone is:

NO, + hv — NO + O (1)
O+0,+M— 03+M (2)
03 +NO — NO, + 0, (3)
NO + RO, — NO; + RO (4)
RO> + Oy + hv — O3 + RO (5)

where NO, O, O,, M, NO,, RO, RO, and hv are
nitrogen monoxide, oxygen atoms, oxygen molecules,
reaction energy adsorbent molecules, nitrogen diox-
ides, organic alkoxy radicals, organic peroxy radicals
(where R is any organic group) and sunlight radiation,
respectively.

Ozone molecules absorb UV rays. This adsorption
process occurs when UV light breaks down an ozone
molecule into an atom and an oxygen molecule. The
oxygen atom then immediately combines with the next
oxygen molecule to form another ozone molecule, and
the energy is released into space as thermal (kinetic)
energy. During these reactions, ROG (reactive organic
gases) is an active organic gas that contains the active
part R and hydrogen H.

The available studies indicate that meteorological
parameters such as wind direction, wind speed,
temperature and relative humidity have a significant
effect on changes in surface ozone concentration and
its precursors in different months and seasons of the
year (Elminir, 2005; Guicherit & Van Dop, 1977,
Kovac-Andric et al., 2009; Pawlak & Jaroslawski,
2015; Szulejko et al., 2018). Duenas et al. (2002)
investigated the effect of meteorological parameters
on ozone concentration in the Malaga region. Climate
change can lead to a significant increase in surface
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ozone, especially in polluted areas (Fiore et al., 2015;
Kirtman et al., 2013). Mulumba et al. (2015) presented
a model for evaluating surface ozone based on
meteorological parameters such as temperature and
relative humidity. Sousa et al. (2007) studied the effect
of wind speed, relative humidity, temperature, nitro-
gen dioxide concentration and nitrogen oxide on
ozone concentration. A study of tropospheric ozone
precursors has shown serious pollution in Guangzhou,
Shanghai and Lanzhou (Xue et al., 2014). O3 produc-
tion in Shanghai and Guangzhou was limited by the
availability of VOCs, whereas in Lanzhou it was
limited by NO,. Zhang et al. (2020) measured
concentration of tropospheric ozone and its precursors
as well as some meteorological parameters in the area
near Shanghai, China, and reported one of the reasons
for the high concentration of ozone (O3) in this area as
high air temperature.

Akbar and Sharee (2007) studied the changes in
surface ozone in relation to meteorological conditions at
the synoptic station of the Geophysical Institute in Tehran
during 2002. Their results show average ozone levels of
about 72 ppb in the afternoon and about 26 ppb in the
morning. Also, the highest concentration of ozone (about
97 ppb) was recorded in spring and the lowest (about
14 ppb) in winter (Akbar & Sharee, 2007). Ghiasodin
and Sourati (2014) studied the concentration of ozone at
one of the monitoring stations in Tehran and found an
increase in the concentration of ozone due to sunlight and
consequently an increase in photochemical activity. It has
been suggested that surface stability increases the
stability of photochemical processes in the atmosphere
and thus increases the concentration of tropospheric
ozone (Karimi, 2014).

Disentangling the relative roles of precursor emissions
and meteorological conditions for tropospheric ozone
formation in Tehran requires a long-term study. For this
study, meteorological parameters (including tempera-
ture, T, wind speed, WS, dew point, DWP, relative
humidity, RH, and rainfall, PP) and the concentrations of
ozone precursors (NO, NO,, NOx and CO) in Tehran
were collected from 2001 to 2020. The spatial distribu-
tion of 20-year average concentration of ozone precursors
in air quality monitoring stations in Tehran was analyzed
using ArcGIS program. Regression models of ozone
concentration were developed based on ozone precursor
concentrations and meteorological parameters, and
resulting correlations were investigated. Finally, the
monthly and annual average values of surface ozone and

total ozone concentration were compared over the study
period.

Study area

Tehran is one of the most populous cities in the world
and the capital of Iran. The city with an area of 751
km? is located at 35°68/92”N and 51°38/90E. The city
of Tehran is limited to the north by the Alborz
Mountains (at an altitude of about 1980 m above sea
level) and to the south by the Central Desert (at an
altitude of about 1200 m above sea level). The mean
annual rainfall is 230 mm, the maximum, mean and
minimum temperatures are 43, 17 and -15 °C, respec-
tively, and the mean relative humidity is 40%. 70% of
wind speeds in Tehran are less than 3 m per second
(Keyhani, 2010). Air pollution in Tehran is generally
due to vehicles and industrial centers. Limited air
exchange due to surrounding mountains, dry condi-
tions and high emissions of ozone precursors create
conditions that are very conducive to photochemical
formation of ozone.

Measurement data

In the current research, air pollution data measured by
Tehran Air Quality Control Company (AQCC) were
used. NO, NO,, CO and O3 concentration data from
2001 to 2020 were collected from 22 monitoring
stations (i.e., Aqdasiyeh, Sharif University, Ray,
District 21, Punak, Golbarg, Masoudieh, Tarbiat
Modares University, District 10, Fath Sq., Setad
Bohran, District 19, Shad Abad, Mahallati, Region
22, Sadr, Piroozi, District 2, District 11, Rose Park,
District 4, Darous) of Tehran Air Quality Control
Company (AQCC) and Environmental Protection
Organization (DOE). Figure 1 shows the locations of
these stations. They can be classified into two groups:
Urban Stations and Traffic Stations (Table 1). WHO
criteria were used to validate the data. Distorted
information, including incorrect data (zero and neg-
ative data) and the data that were very inconsistent
with other data due to local phenomena such as
environmental issues (i.e., household waste, construc-
tion activities or fire and etc.) in the vicinity of the
station, was removed from the database. The exact
amount of ozone concentration in June 2006 was not

@ Springer
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Tehran City

recorded, and this data gap was filled with the average resulting data were converted to standard concentra-
value of May and July 2006. Only stations with more tions based on clean air standards provided by the US
than 75% of hourly concentration data were used. The Environmental Protection Agency (USEPA, 1997). In
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Table 1 Average concentrations of O3, NO, NO,, NOx and CO for the period of 2001 to 2020 in AQMS of Tehran

NO District AQMS 03 NO NO, NO, CcO Station

(ppb) (ppb) (ppb) (ppb) (ppm) type

1 1 Aqdasiyeh 29.00 56.00 57.50 111.00 3.00 TS
2 2 Sharif University 21.00 48.00 67.00 114.00 2.00 us
3 20 Ray 24.00 83.00 55.00 135.00 3.00 TS
4 21 District 21 21.00 69.00 49.00 117.00 2.50 TS
5 5 Punak 35.00 50.00 58.00 107.00 4.00 TS
6 8 Golbarg 25.00 34.00 43.00 76.00 3.00 usS
7 15 Masoudieh 37.00 30.00 43.50 72.00 3.60 TS
8 6 Tarbiat Modares University 22.00 60.00 43.00 101.00 2.00 US
9 10 District 10 17.00 179.00 113.00 290.00 3.10 TS
10 9 Fath Sq 23.00 93.00 45.00 136.00 2.00 TS
11 7 Setad Bohran 24.00 70.00 48.00 117.00 4.25 [ON
12 19 District 19 22.00 66.00 47.00 110.00 3.20 usS
13 18 Shad Abad 25.00 44.00 35.00 78.00 3.60 TS
14 14 Mabhallati 19.00 57.00 43.00 99.00 2.00 Us
15 22 Region 22 27.00 41.00 44.00 84.00 1.50 usS
16 3 Sadr 23.00 112.00 70.50 178.00 5.10 TS
17 13 Piroozi 23.50 50.00 42.00 91.00 2.70 us
18 2 District 2 24.00 57.00 74.50 130.00 3.00 usS
19 11 District 11 18.00 66.00 59.50 123.00 3.40 TS
20 22 Rose park 31.00 32.00 44.00 73.00 2.50 TS
21 4 District 4 17.00 114.00 85.00 197.50 3.50 TS
22 Darous 25.00 54.00 45.00 97.00 3.80 TS

AQMS: air quality monitoring stations, 7S: traffic station, US: urban station

this standard, a maximum concentration of eight hours
was used for carbon monoxide, a maximum concen-
tration of one hour and eight hours for ozone and a
maximum concentration of one hour for nitrogen
dioxide.

At the stations of the air quality control company,
ozone was measured with an analyzer O3;42 model
(Environnement S.A., Poissy, France). This analyzer
is a continuous ozone analyzer and measures ozone
concentration with advanced UV (ultraviolet) tech-
nologies. The Beer—Lambert law was used to deter-
mine the O; concentration:

I = Ioe_’” (6)
u=axC (7)

where I and I, are the transfer and production flux
densities, u is substrate analysis coefficient, X is the
path lengths through the substrate, o is the adsorption
cross section and C is the ozone concentration.

The chemiluminescence technique was used to
measure the concentrations of nitrogen oxides (instru-
ments APNA-370 of Horiba, Japan; AC 32 M of
Environment SA, France; and EC 9841 of Ecotech,
Australia). CO concentrations were measured using
non-dispersive infrared (NDIR) analyzers (model
Teledyne API model 300E, San Diego, CA).

In air quality control stations in Tehran, inorganic
gaseous pollutants NO, NO,, CO and O; are analyzed
according to international air quality standards in
Europe 2008/50/EC and revised standard 2015/1480/
EC. Periodic services and multiple calibrations of the
analyzers are performed based on a specific schedule
and at specified intervals according to international
standards in the sampling process so that the quality of
the results is in accordance with the Quality Assurance
program. Satellite data from the Total Ozone Mapping
Spectrometer were measured by EP/TOMS (built by
TRW Space & Electronics Group, Redondo Beach,
CA) from 2001 to 2004 and the Ozone Monitoring
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Fig. 2 Distribution of
annual average
concentration in air quality
monitoring stations in
Tehran from 2001 to 2020,
aNO, b NO,, ¢ NOx, d CO,
(4 03
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Fig. 2 continued
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Interferometer (OMI) from 2005 to 2020. OMI is a
sensor contribution of NIVR (Netherlands Institute for
Air and Space Development) of Delft in collaboration
with FMI (Finnish Meteorological Institute), Helsinki,
Finland. The instrument was built by Dutch Space in
co-operation with Netherlands Organisation for
Applied Scientific Research Science and Industry
and Netherlands Institute for Space Research
(McPeters et al., 1998; Giovanni, 2020). Meteorolog-
ical data (including air temperature, wind speed,
relative humidity, dew point and rainfall) data are
recorded by Mehrabad Meteorological Station. Meh-

rabad Meteorological Station is located at 35°68'N and

51°35'E (see Fig. 1), in the vicinity of Mehrabad
Airport, inside the city.

Results and discussion

Monthly, Seasonal and annual trends of ozone
and its precursors

Table 1 presents the average annual concentration of
ozone and its precursors (NO, NO,, NOx and CO) at
22 air quality monitoring stations in Tehran. Figure 2
shows the spatial distribution of the 20 year average
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Table 2 Annual average of tropospheric ozone, precursors and meteorological parameters recorded from 2001 to 2020 in Tehran

Month O3 (ppb) O; NO (ppb) NO, (ppb) NOy (ppb) CO (ppm) T WS (Knot) RH DWP PP
(DU) (§(®) (%) (O (mm)
Jan 15.89 296.90 88.34 62.81 149.72 3.49 504 479 55.61 —4.00 37.80
Feb 19.90 314.66 73.74 59.94 132.12 3.32 7.31 6.10 4949 —364 3473
Mar 2593 31592 57.84 54.86 109.75 2.97 12.85 7.03 4033 —2.18 32.93
Apr 25.21 31470  50.86 52.40 99.57 3.01 17.65 7.06 38.14 1.37 42.12
May 29.33 302.05 50.44 54.20 100.23 2.67 23.64 17.73 28.84 2.59 12.23
Jun 34.88 286.09 44.04 51.98 94.02 2.81 29.30 6.90 21.83 343 10.39
Jul 35.07 279.90 49.19 52.03 98.42 3.05 31.79  6.39 22.82  6.16 9.70
Aug 32.23 278.14 52.76 53.75 106.01 3.08 30.63 5.67 23.36 5.76 1.54
Sep 25.55 272.16  63.13 54.13 116.59 3.19 26.82 542 2534 374 1.24
Oct 20.53 265.03 75.88 52.98 127.33 3.39 20.13 5.15 3474 241 15.34
Nov 14.88 269.74  88.06 58.39 145.53 3.72 11.59 543 49.32  0.17 32.38
Dec 12.43 279.05 98.84 61.72 158.96 3.98 6.50 420 56.63 —2.24 31.02

concentrations of the pollutants. The monthly average
of tropospheric ozone, precursors and meteorological
parameters recorded from 2001 to 2020 over all
stations in Tehran are presented in appendix, Table A.
In the period of 2001 to 2020, the minimum and
maximum average annual concentrations of NO, were
10.71 ppb in 2002 and 35.88 ppb in 2013, respectively
(Table A). The maximum annual average concentra-
tions of NO, NO, and NOx were 179 ppb, 113 ppb
and 290 ppb, respectively, at the District 10 station
(Figs. 2a, b, ¢ and Table 1). These values are higher
than the EPA limit (i.e., 100 ppb). The minimum
average concentrations of NO and NOx were recorded
in Masoudieh station, equal to 30 ppb and 72 ppb,
respectively (Table 1). The minimum average con-
centration of NO, was recorded in Shadabad station,
equal to 35 ppb (Table 1). Table 2 presents the average
monthly values of ozone concentration, precursors and
meteorological parameters in the period of 2001 to
2020 in Tehran. As presented in the table, the
maximum nitrogen oxides concentrations occurred in
the cold season. The maximum monthly average
values of NO and NOyx were recorded in December at
98.84 ppb and 158.96 ppb, respectively (Table 2). The
maximum average annual concentrations of NO and
NOyx were 102 ppb in 2010 and 177.83 ppb in 2002,
respectively. The maximum average concentration of
NO, was recorded in December and January equal to
61.72 ppb and 62.81 ppb, respectively. There were a
substantial decrease in NO, concentrations from 2002

@ Springer

to 2006, an increase in 2007 and only small changes
thereafter.

Investigation of carbon monoxide (CO) changes
shows that the maximum and minimum average
annual concentrations were 5.92 ppm in 2005 and
1.84 ppm in 2020, respectively (Table A). The
maximum and minimum average daily concentrations
during recent 20 years have been recorded at Sadr
station, a traffic station, and District 22 station, an
urban station, respectively (Table 1 and Fig. 2d). An
examination of the trend of changes in carbon
monoxide concentrations in Tehran indicates that the
CO concentration was decreasing from 2001 to 2002,
increasing from 2002 to 2005, followed by a substan-
tial decrease to the minimum value in 2020. It should
be noted that the CO concentration recorded in these
years was less than the allowable EPA value (i.e.,
9.4 ppm). The main reason for the low 2020 value was
the spread of the Corona virus and the related
restrictions that caused a reduction in industrial and
traffic activities in Tehran (Borhani et al., 2021).
Worden et al. (2013) also investigated pollutants in the
eastern USA and Europe and parts of Asia, showing
that the carbon monoxide concentration decreased
from 2000 to 2011. The relatively declining trend of
carbon monoxide concentrations in Tehran from 2001
to 2020 shows that the implementation of policies such
as gasification of cars, use of traffic plans, technical
inspection of cars, replacement of worn-out cars and
Metro development has played a vital role in reducing
CO concentrations.
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Fig. 3 Variation of O3 against, a NO, b NO,, ¢ NOx, d CO; the best fitted curve to data and related equation are also superimposed on

the plot

Investigating ozone average concentration over all
stations shows that the minimum and maximum
annual concentrations were 13.88 ppb in 2003 and
40 ppb in 2004, respectively (Table A). The maximum
average ozone concentration was recorded at Masou-
dieh station (Table 1 and Fig. 2e). The average ozone
concentration increased sharply from 2001 to 2002
and decreased from 2003 to 2007.

NO,, NO, and CO show similar seasonal variabil-
ity, with high levels recorded in late autumn and
winter and low levels recorded in spring and summer
(Table 2). This is different from the seasonality of O3
(Figs. 3a, b, ¢ and 4d), which increases from January
and reaches its maximum value in June, the driest
month. This finding is in agreement with the results of
previous studies (Jo & Park, 2005; Raddatz &

Cummine, 2001; Saito et al., 2002). Then, with
increasing relative humidity and rainfall, the surface
ozone concentration decreases until December. The

low concentration of surface ozone is significant in
cold seasons (USEPA, 2011).

Seasonal and monthly variations in total column
ozone

Table 2 presents the average seasonal variation in total
column ozone. The maximum ozone concentration in
March and April is 31592 DU and 314.70 DU,
respectively, and the minimum in October and
November is 265.03 DU and 269.74 DU units,
respectively (Fig. 5). Figure 6 shows the changes in
total ozone and surface ozone from 2001 to 2020 using
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Table 3 Spearman’s rank correlations between tropospheric ozone, precursors and meteorological parameters data from 2001 to

2020 in Tehran

Parameters O; (ppb) NO (ppb) NO, NOx Cco T (°C) WS RH (%) DWP PP
(ppb) (ppb) (ppm) (Knot) (O] (mm)

O; (ppb) 1

NO (ppb) — 0.937* 1

NO, (ppb) — 0.810* 0.859 1

NOx (ppb) — 0.925% 0.995 0.897 1

CO (ppm) — 0.853% 0.945 0.742 0.935 1

T (°C) 0.872 —0.795% — 0.862* — 0.806* — 0.658% 1

WS (Knot) 0.671 —0.831*% — 0.626%* — 0.832* — 0.890% 0.414 1

RH (%) —0.908* 0.862 0.896 0.871 0.761 —0.982% —0.519% 1

DWP (°C) 0.742 — 0.669% — 0.822% — 0.693* — 0.497* 0.966 0.284 —0910% 1

PP (mm)  — 0.644* 0.489 0.579 0.490 0.411 — 0.864* — 0.087* 0.840 —0.832% 1

*P < 0.05

satellite data and terrestrial monitoring. As shown in
this figure, the concentration of ozone at the surface
has been increasing and the average ozone in the
vertical column of the atmosphere and ground mon-
itoring from 271.52 DU and 15.91 ppb in 2001 to
295.07 DU and 20.87 ppb in 2020, respectively. From
2001 to 2020, total columnar ozone increased by 23.55
DU and surface ozone by 4.96 ppb.

High temperatures and low relative humidity are
conducive to the formation of tropospheric ozone
(Table 3). Surface ozone is part of the total atmosphere
ozone. Total atmospheric ozone is the sum of tropo-
spheric and stratospheric ozone in a vertical column
with a cross-sectional area of one square centimeter
from the atmosphere boundary to the ground (Daniel-
sen, 1968; Fishman et al., 2003; Junge, 1962).
Investigation of the trend of annual changes in total
ozone indicates that the greatest change occurs in
winter and spring. Relative decrease in average
surface ozone concentration in winter (20.57 ppb)
despite high levels of total ozone (309.16 DU) can be
due to increased rainfall (35.15 mm) and decreased
temperature (8.40 °C) and subsequently attenuation of
overnight temperature inversion and reduction in high
concentrations of pollutants (Fig. 5).

Statistical analysis
Table 3 presents the average Pearson correlation

coefficient (R) (Ozbay, 2012) between ozone, ozone
precursors and meteorological parameters. The value

@ Springer

of P < 0.05 was considered statistically significant.
There is a negative correlation between ozone and NO,
NO,, NO, and CO. Nitrogen monoxide (NO) has the
highest negative correlation (Fig. 3a) because it leads
to titration of ozone; with the decrease in NOx-
titration effects, the ozone concentration increases
significantly (Li et al., 2013; Sillman, 1999). The
temperature (T) and dew point (DWP) have the
highest positive correlation with surface ozone
(Fig. 4a and d). This can be attributed to the
predominant role of temperature in photochemical
reactions in ozone formation (Chelani, 2009; Shan,
2009). In addition, on an annual time scale, a
significant correlation was observed between temper-
ature and dew point (r = 0.966). Relative humidity
and rainfall rate are negatively correlated with surface
ozone (Fig. 4c and e). Han et al. (2020), examining the
effects of meteorological parameters on ozone con-
centration in East China reported that higher humidity
is associated with cloud formation and slows ozone
production because of a reduction in solar insolation.
Camalier et al. (2007) show that high humidity may be
partially associated with atmospheric instability and
cause surface ozone dispersion.

Ozone concentrations increased with increasing
wind speed (P > 0.05) (Fig. 4b). Wind can transport
air that contains ozone or other pollutants from their
sources. Sometimes the combined effect of two or
more parallel or inverted parameters is more pro-
nounced in the amount of surface ozone concentration.
The combined effect of rainfall and relative humidity
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with the decreasing role of surface ozone overcomes
the increasing role of air temperature.

Conclusions

The changes in ozone concentration due to changes in
its precursors (NO, NO,, NOx and CO) as well as
meteorological conditions (temperature, humidity,
wind speed, dew point and rainfall) in the last two
decades in Tehran were investigated. Ozone and
precursor data were collected from 22 air quality
control stations in Tehran, including urban and traffic
stations. Meteorological data were also gathered. The
spatial distribution of the average concentration of

ozone and its precursors was determined according to
the geographical location of the stations. Investigating
the changes in pollutants from 2001 to 2020 in the city
of Tehran indicated that the concentrations in traffic
stations are higher than urban stations. According to
distribution of annual average concentration in air
quality monitoring stations, the highest average con-
centration of ozone is recorded in the southwest of
Tehran. The concentration of ozone in the outskirts of
Tehran is higher than its central region. The study of
changes in ozone concentration in the last two decades
in Tehran shows a 25% decrease in the second decade
(2011-2020) compared to the first decade
(2001-2010). Observance of environmental standards
in vehicles production, traffic control through new
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Table 4 Monthly average of tropospheric ozone, precursors and meteorological parameters recorded from 2001 to 2020
Year Month Parameters
Ozone Precursors Parameters Meteorological Parameters
05 O; NO NO, NOx CcO T (°C) WS RH DWP PP
(ppb)  (DU)  (ppb) (ppb) (ppb) (ppm) (Knot) (%) °O (mm)
2001 Jan 12.17 251.30 46.04 97.42 144.77 4.77 4.93 2.66 78.10  1.12 29.96
Feb 16.53 276.00 65.32 136.53 203.11 3.89 7.59 5.67 6529 1.06 1.52
Mar 18.00 279.30  67.61 140.89 210.67 6.96 13.97 454 65.60 7.13 40.12
Apr 11.14 301.40 38.65 80.95 97.45 443 20.80 7.34 42.61 5.81 0.76
May 15.96 306.70  43.33 88.40 134.44 2.24 2416 791 28.50 3.12 17.26
Jun 27.18 301.80 39.73 83.00 123.95 3.04 29.11  7.27 26.17 5.59 8.89
Jul 23.67 291.30 43.67 90.20 136.40 4.40 30.06 7.34 31.60 1033 0.51
Aug 24.45 271.30  42.77 87.00 131.32 4.22 31.07 6.37 27.37 8.83 2.54
Sep 16.86 263.40 52.27 110.07 163.72 431 26.73  6.55 3094 735 9.65
Oct 11.73 242.00 50.65 95.88 147.73 5.35 20.19  6.39 3798  4.19 13.70
Nov 8.37 23570 57.00 81.05 139.38 4.57 1230  6.35 4853 094 50.04
Dec 493 238.00 64.23 86.93 152.46 5.03 8.66 4.83 62.00 1.09 46.48
2002 Jan 3.29 256.10 136.50  68.00 205.50 3.50 5.42 5.47 56.78 —3.17  42.68
Feb 5.29 278.21 65.00 104.00 171.00 3.00 8.99 6.75 4240 —426  5.08
Mar 4.64 281.76  64.00 117.00 182.00 3.00 13.75  6.24 3458 —3.03 13.71
Apr 1.57 300.67 74.00 139.00 215.00 3.00 15.73  7.46 49.03 3.61 98.79
May 8.49 305.22  75.00 144.00 221.00 3.00 2247 828 30.08 2.26 13.46
Jun 49.00 300.75  56.00 106.00 164.00 4.00 2821  7.15 20.51  1.80 0.00
Jul 5.44 289.51 54.00 101.00 157.00 4.00 30.87  6.14 2488 7.18 30.98
Aug 5.49 266.16  58.00 117.00 176.00 4.00 3141  5.05 2495 17.16 0.00
Sep 1.38 261.38 53.00 110.00 165.00 4.00 2892  3.69 21.07 3.53 0.00
Oct 9.21 241.40 77.50 67.50 145.50 3.50 2344  3.67 3141  4.69 1.78
Nov 5.12 23476 64.00 130.00 196.00 7.00 13.06  3.59 48.82 143 29.72
Dec 8.00 237.84  46.00 89.00 136.00 5.00 4.13 4.20 63.00 —3.03 71.39
2003 Jan 12.00 254.25 55.00 108.00 164.00 5.00 6.44 4.17 55.10 —2.62  25.66
Feb 17.00 27794 73.00 70.00 149.00 4.00 7.23 5.69 5439 —223  41.65
Mar 20.00 296.00 43.00 40.00 85.00 3.00 10.18  4.74 4746 — 155 4344
Apr 9.00 277.29  52.00 37.00 91.00 4.00 16.89  6.07 51.53  5.50 105.41
May 11.00 282.16  45.00 41.00 87.00 3.00 2126  6.40 3485 3.88 18.78
Jun 14.00 253.66  43.00 43.00 76.00 4.00 27.63 6.23 27.85 6.16 0.25
Jul 14.00 229.14  46.00 44.00 68.00 4.00 3243 6.04 26.75  9.61 0.00
Aug 19.00 238.63  32.00 47.00 79.00 3.50 30.57 4.54 2920 9.87 0.00
Sep 16.00 228.06  34.00 40.00 75.00 3.00 26.07  3.88 30.15  6.13 0.00
Oct 15.50 216.04 58.00 36.00 95.00 4.00 2253 444 30.26  3.00 7.88
Nov 9.00 227.86 108.00  48.00 157.00 6.00 11.31 458 4251 —-1.69  6.09
Dec 10.00 256.12  110.00  27.00 138.00 6.00 5.90 3.73 6349 — 1.04 34.80

@ Springer



3628 Environ Geochem Health (2022) 44:3615-3637

Table 4 continued

Year Month Parameters

Ozone Precursors Parameters Meteorological Parameters
(03 (03 NO NO, NOx CO T(C) WS RH DwP PP
(ppb)  (DU)  (ppb)  (ppb) (ppb) (ppm) (Knot) (%) (°C) (mm)
2004 Jan 21.00 279.37 100.00  28.00 130.00 7.00 6.39 3.81 6450 — 045 167.63
Feb 30.86 29293 53.00 27.00 76.00 5.00 9.45 6.43 4371 - 2.80 8.64
Mar 37.63 304.94 64.00 24.00 89.00 6.00 14.18  4.61 46.84 1.70 65.28
Apr 42.63 298.89  34.00 36.00 71.00 4.00 1595 6.06 49.08 4.49 64.51
May  47.33 29471 33.00 37.00 72.00 4.00 22.10  8.10 3897 6.25 10.67
Jun 55.41 260.27 27.00 39.00 67.00 4.00 29.58  6.46 24.43  6.00 0.25
Jul 58.78 269.52  24.00 33.00 57.00 3.00 29.45  6.36 31.15  9.39 10.66
Aug 56.35 260.54 28.00 33.00 62.00 2.00 3148 5.64 28.33  10.05 0.00
Sep 46.32 253.07 37.00 36.00 75.00 2.00 26.46  5.26 37776 10.24 0.00
Oct 36.37 25223  54.00 43.00 99.00 4.00 20.14 484 40.27  5.46 3.30
Nov 25.61 261.19 85.00 44.00 131.00 5.00 13.00 537 5143 233 41.92
Dec 2222 288.04 129.00  58.00 192.00 7.00 4.63 3.77 6253 —2.38 82.54
2005 Jan 17.10 32597 84.00 56.00 143.00 6.00 433 4.29 60.72 —3.08 50.28
Feb 32.80 339.01 46.00 52.00 100.00 5.00 4.10 5.17 63.02 —3.04 49.78
Mar 34.70 339.67 51.00 37.00 89.00 5.00 12.36  8.57 4286 — 139  58.17
Apr 36.40 337.54  44.00 37.00 74.00 5.00 18.71  7.29 30.84 —0.23 18.54
May  41.70 315.68 38.00 34.00 73.00 5.00 22.09 7.15 3285 3.85 22.61
Jun 71.19 29370 34.00 36.00 72.00 5.00 28.61 6.72 26.43 598 0.00
Jul 51.30 283.74  43.00 41.00 85.00 6.00 3255  5.61 27.11  10.10 0.00
Aug 47.30 282.13  43.00 39.00 83.00 6.00 30.64 521 30.23  10.02 6.35
Sep 21.40 263.63 45.00 39.00 85.00 6.00 27.69 421 28.13  6.40 0.00
Oct 15.10 25722 67.00 39.00 107.00 7.00 21.05 4.23 3323 348 0.00
Nov 8.00 251.71  93.00 41.00 135.00 8.00 1126  3.34 5373  1.59 26.67
Dec 7.40 24226 98.00 48.00 147.00 7.00 9.57 2.55 55.17  0.59 37.58
2006 Jan 6.00 254.81 112.00  60.50 160.00 2.50 2.74 3.62 6824 —293 69.85
Feb 8.00 279.31 106.00  49.00 144.50 8.50 9.33 5.55 44770 —3.03 4242
Mar 9.00 295.06 124.00  66.00 151.00 3.00 13.81 590 4028 —039  21.59
Apr 12.00 297.07 82.50 61.00 128.00 4.50 19.14 6.1 4845 741 38.86
May 33.00 28290 83.00 92.00 119.00 4.00 2455 712 33.01 6.02 8.13
Jun 46.50 283.24  27.50 62.50 91.50 3.50 30.89  5.11 2672  8.81 0.00
Jul 60.00 283.76  43.50 54.50 98.50 4.00 31.69 598 3542 13.87 1.53
Aug 39.00 288.79  61.50 49.50 111.50 5.50 31.58  4.59 22776 6.90 0.00
Sep 29.00 280.93 86.00 47.00 133.00 6.00 2639 471 32.64 7.55 0.00
Oct 20.00 277.46  85.50 42.00 128.00 6.00 2123 5.35 4456  7.56 22.36
Nov 12.00 289.39  146.00  60.50 206.00 5.00 11.25 2037 4954 034 18.04
Dec 10.00 29482 110.00  81.50 190.50 6.00 3.61 3.71 63.64 —3.23 27.94
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Table 4 continued
Year Month Parameters
Ozone Precursors Parameters Meteorological Parameters
(03 (03 NO NO, NOx CO T(C) WS RH DwP PP
(ppb)  (DU)  (ppb)  (ppb) (ppb) (ppm) (Knot) (%) (°0) (mm)
2007 Jan 29.50 318.20 64.00 86.33 146.67 3.50 4.32 3.83 5255 =517 8.13
Feb 24.50 312.27  79.00 80.00 150.25 3.00 7.58 6.22 55.62 — 1.61 46.98
Mar 28.50 341.83 54.50 66.25 110.50 2.75 10.04  7.39 54.78  0.49 65.78
Apr 29.75 316.75 75.00 68.50 121.75 3.25 1730 6.83 4461 396 52.58
May 31.50 303.01 87.25 76.00 140.50 3.00 2452 644 3556  7.00 10.41
Jun 30.75 28332  58.50 59.00 99.00 3.25 29.66  6.81 28.75  8.25 8.63
Jul 34.00 272.43  175.75 65.50 117.75 3.25 3131 6.57 2751 940 1.02
Aug 34.25 281.18 51.00 64.25 105.00 3.25 3075  5.23 27.83  9.16 0.00
Sep 33.50 273.83 57.00 68.50 116.00 3.00 2730  4.58 2924 6.94 0.00
Oct 28.50 268.67 60.75 79.50 130.25 3.00 20.04  4.05 37.00 4.00 3.81
Nov 24.00 273.24  70.25 87.00 144.00 3.50 14.61  4.69 3775 —1.55 23.37
Dec 23.00 293.04 91.00 89.50 166.75 3.50 5.40 3.74 5990 —227 24.63
2008 Jan 26.50 306.86  72.20 91.80 156.00 4.40 — 275 3.06 7529 —6.72 38.87
Feb 30.83 299.12  66.60 71.40 129.00 2.83 4.53 5.37 5479 —4.87 27.43
Mar 39.50 297.82  43.20 59.20 95.60 2.83 17.04 732 2296 —5.75 0.00
Apr 44.00 306.30 33.33 71.50 101.17 3.50 2064 7.24 23.88 —12.69 737
May  44.50 304.00 33.17 64.50 92.50 3.40 2408 797 2030 - 1.61 5.59
Jun 47.83 291.47 31.00 71.83 98.50 3.17 2926  6.73 2129 3.17 1.02
Jul 4533 284.08 36.83 72.17 102.67 3.17 31.64  6.00 21.42 538 0.51
Aug 49.67 284.88 26.83 77.83 102.00 3.00 3046  5.26 19.16  3.11 0.25
Sep 43.00 276.77 25.33 67.50 93.67 4.00 27.43  6.29 22.02 276 0.25
Oct 31.17 27325 29.17 72.33 102.33 2.50 20.88  5.43 31.58 1.86 5.58
Nov 32.00 286.27 36.17 66.00 100.67 2.60 11.28 479 4896 0.25 29.98
Dec 25.33 291.32  52.50 85.33 135.67 3.20 5.86 3.97 53.60 — 345 7.62
2009 Jan 18.90 318.85 80.60 67.40 146.30 3.20 4.86 4.80 4840 —5.84 11.69
Feb 18.00 311.00 92.40 56.20 144.60 3.30 8.76 7.28 47.65 —2.87  47.76
Mar 23.10 327.15 80.10 50.30 132.10 2.54 1430  8.09 2551 —17.32 17.02
Apr 22.45 34136  86.10 53.10 140.09 291 1460 691 4169 —0.05 51.82
May 24.82 29585 102.36  58.10 161.36 3.36 23.68 732 3094 423 6.61
Jun 34.10 30230 64.45 55.54 117.45 3.00 27.18  6.27 27.89  5.67 5.84
Jul 2791 283.61 81.36 55.00 137.73 3.09 3229 724 17.51  2.85 0.00
Aug 27.00 279.30  69.54 50.09 120.36 291 30.08 6.18 25.86 6.82 0.00
Sep 22.10 279.03  78.10 53.09 123.00 3.27 2480  6.12 28.15  3.25 12.95
Oct 18.91 269.89  90.36 57.00 131.00 3.54 1994 441 2672 —1.27 2.80
Nov 13.45 272.83  79.00 49.91 126.18 3.45 12.10  6.17 46.55 0.11 25.65
Dec 12.10 29549 12245 5591 175.63 3.64 7.22 4.56 60.80 —0.31 20.06
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Table 4 continued

Year Month Parameters

Ozone Precursors Parameters Meteorological Parameters
(03 (03 NO NO, NOx CO T(C) WS RH DwP PP
(ppb)  (DU)  (ppb)  (ppb) (ppb) (ppm) (Knot) (%) (°C) (mm)
2010 Jan 12.67 310.64 121.00 57.58 170.67 3.75 8.52 6.09 4877 —241 32,51
Feb 21.10 337.68 114.82  55.27 167.73 3.36 8.61 5.94 4893 —235 40.64
Mar 20.00 30692 99.50 56.25 149.83 3.50 1461  6.72 40.67 — 053 19.81
Apr 19.83 320.19  85.67 46.17 125.67 3.33 1821  7.83 3571  1.23 51.05
May 23.75 314.85 78.58 41.58 111.83 3.00 2373 858 2692 1.58 5.08
Jun 25.61 289.64  80.83 43.61 116.15 2.92 30.60  6.51 1649  0.93 170.18
Jul 31.50 290.18 67.50 45.71 111.42 3.07 3281 642 1826 392 120.14
Aug 31.78 295.14  66.93 47.64 112.21 3.14 29.67  5.56 20.71  3.63 0.00
Sep 21.36 288.11 88.00 45.53 133.33 3.40 26.18 532 2343 2.09 0.51
Oct 16.38 264.75 10540 4527 150.53 4.13 22775  5.65 2650 1.28 1.78
Nov 13.86 261.89 161.87  72.00 230.87 4.40 1290 3.21 3947 —213 26.92
Dec 11.71 272.14 154.00  69.67 221.20 3.93 9.57 3.61 36.06 — 5.60 3.30
2011 Jan 10.44 31559 109.19  60.69 169.94 3.37 4.14 4.63 5895 —4.12 5385
Feb 14.69 33278 61.37 49.69 111.12 2.94 6.38 7.41 4836 — 457 12.70
Mar 18.67 321.71  60.69 53.00 113.63 2.56 10.66  5.81 4558 —2.84  46.73
Apr 2.47 323.16  54.00 51.87 105.53 2.31 19.00 7.71 26.74 —2.39 15.74
May 29.13 291.45 49.20 50.93 100.40 2.69 2421  8.60 27.62  2.60 5.84
Jun 26.25 281.30 51.53 53.80 105.07 2.50 3030 7.90 19.17  2.45 1.27
Jul 25.27 282.62 51.60 50.93 101.33 2.53 3243  6.58 17.10  3.28 0.00
Aug 22.93 286.40 56.00 46.43 102.29 2.60 3032 6.50 26.87 6.21 21.33
Sep 21.86 281.30 50.75 49.00 101.44 2.50 26.57 534 2390 2.66 0.00
Oct 19.67 27130 74.53 53.06 127.18 2.88 1639 6.22 45.00 0.82 105.66
Nov 16.69 269.00 61.82 53.82 115.47 2.59 8.01 5.00 66.28 1.61 78.73
Dec 16.41 279.10  76.00 63.81 135.75 2.88 5.52 3.96 52.88 —3.83 5.08
2012 Jan 15.83 307.00 52.42 63.00 115.17 291 4.30 5.88 48.66 — 6.37 20.57
Feb 18.83 331.40 38.55 41.45 78.73 2.54 3.59 6.08 5274 —629  49.79
Mar 2291 320.60 34.83 35.25 69.08 2.20 9.32 8.69 32.14  —830  21.59
Apr 2221 318.40 33.33 37.13 70.47 2.46 1822  6.54 3875 229 33.53
May 28.40 303.00 32.19 33.69 64.75 2.07 2437 859 23779 0.75 10.66
Jun 32.73 279.00 28.20 31.53 59.93 2.13 2825  6.31 21.67 2.69 3.05
Jul 26.86 278.00  43.50 36.94 80.44 2.64 30.77  6.15 23.06 5.42 7.11
Aug 25.73 279.30  51.50 39.25 93.06 2.71 31.02 548 18.41 295 0.25
Sep 22.07 277.00 62.06 38.06 100.25 2.43 2625 551 2443 293 0.00
Oct 17.31 271.50  80.87 37.67 118.67 2.57 19.85 5.23 3339  1.62 13.46
Nov 15.77 271.00 80.21 35.93 116.00 2.53 12,70 422 5234 215 41.65
Dec 19.00 283.40 85.07 39.50 123.71 2.60 6.11 4.27 6496 — 0.48 35.56
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Table 4 continued
Year Month Parameters
Ozone Precursors Parameters Meteorological Parameters
(03 (03 NO NO, NOx CO T(C) WS RH DwP PP
(ppb)  (DU)  (ppb)  (ppb) (ppb) (ppm) (Knot) (%) (°0) (mm)
2013 Jan 21.71 301.00 85.88 42.11 126.23 2.81 6.25 5.85 45.63 —5.58 23.88
Feb 19.08 329.00 68.29 38.00 104.76 2.62 8.78 6.07 4434 —3.65 129.79
Mar 22.85 319.10 48.65 31.76 77.82 243 13.52 7.49 3515 —3.82  20.06
Apr 24.54 31540 32.88 29.29 62.29 2.25 18.14  7.11 3054 —1.22 8.64
May 23.45 307.00 26.71 27.41 54.12 2.09 2220 857 28.37  1.49 13.19
Jun 25.00 283.00 46.53 36.07 82.53 2.38 2839  8.00 20.77  1.89 0.00
Jul 26.33 281.60 56.61 39.85 93.46 2.73 31.79  6.78 2193  5.59 0.00
Aug 21.64 282.00 60.58 35.92 95.83 2.50 29.48  6.32 24.08 5.40 0.00
Sep 21.64 275.40 77.10 34.54 109.36 2.58 2779  6.38 18.67 0.34 0.00
Oct 20.55 27340 74.22 38.40 104.70 3.06 18.94 557 3150 — 0.08 2.29
Nov 15.38 279.00 67.80 40.10 105.50 2.60 12.38 427 5352 232 22.61
Dec 20.85 28420 61.92 37.08 98.08 2.41 5.10 5.61 50.79 —5.05 28.19
2014 Jan 19.33 301.73  72.11 35.56 107.67 227 5.45 5.26 5436 -390 6.35
Feb 17.11 326.44  93.62 40.62 134.00 2.33 5.18 5.07 4468 — 1727 10.16
Mar 37.93 317.50 40.89 42.33 82.56 2.20 1252 8.18 36.58 —3.44 8.13
Apr 20.54 313.30 36.89 36.89 73.11 2.15 1820 7.44 3238 —035 9.66
May 25.25 307.60 34.42 35.08 68.92 2.42 2445  1.72 2473 1.16 5.59
Jun 25.85 291.50 36.40 37.60 73.40 2.36 29.56  8.00 1848 1.32 1.02
Jul 37.81 279.40 33.85 27.93 58.57 2.92 3221  6.78 1934 441 2.29
Aug 26.15 279.50 48.75 40.92 89.42 3.67 31.72  6.16 16.08 1.43 0.00
Sep 21.07 27250  76.21 38.21 113.64 2.93 28.06  6.21 19.04  0.72 0.00
Oct 16.20 271770  87.84 41.38 128.69 2.87 1834  6.57 37.65 237 10.16
Nov 14.00 286.00 98.23 47.77 145.85 3.07 9.89 4.58 4923 —1.22 12.19
Dec 12.07 285.40 108.12  49.12 157.19 3.28 7.33 4.39 5361 —2.01 22.10
2015 Jan 14.39 305.50 98.33 51.94 150.39 2.88 6.91 5.07 4241 —5.67 7.37
Feb 16.41 340.30 74.50 47.17 121.55 2.67 8.34 6.00 4734 —-322 10.91
Mar 18.59 326.80 54.29 51.59 105.76 2.29 1142 6.89 4190 —239  29.72
Apr 21.12 31430 50.65 44.76 95.35 2.12 1922 829 2320 —4.03 15.24
May 22.24 305.40 44.61 4422 88.72 2.17 2512 17.61 2051 —074 432
Jun 22.83 286.80 45.44 44.33 89.72 2.28 31.47 693 16.02 1.17 0.00
Jul 28.82 287.50 55.88 47.23 103.12 2.41 3190 598 18.96  3.49 9.65
Aug 25.94 287.60 69.94 54.88 124.88 2.53 30.68  5.65 21.18 395 0.00
Sep 24.06 292.60 52.47 52.76 105.47 2.35 2546 542 26.18  3.18 1.27
Oct 42.44 280.90 50.11 56.39 106.28 2.67 20.68  5.78 38.57 4.48 9.90
Nov 2342 29420 62.53 36.87 99.47 2.94 10.59  4.89 50.11  —0.34 36.32
Dec 8.22 29090 74.39 50.44 124.67 2.72 5.00 451 61.62 —229 2033
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Table 4 continued

Year Month Parameters

Ozone Precursors Parameters Meteorological Parameters
(03 (03 NO NO, NOx CO T(C) WS RH DwP PP
(ppb)  (DU)  (ppb)  (ppb) (ppb) (ppm) (Knot) (%) (°C) (mm)
2016 Jan 1591 300.90 81.35 51.47 132.82 2.56 7.02 5.76 4698 — 428 36.58
Feb 34.73 32240 77.19 54.94 132.12 2.65 9.83 6.04 3746 —524 534
Mar 15.57 316.70  53.50 50.00 102.50 2.33 13.66  8.75 3589 —280 24.64
Apr 16.40 321.80 54.12 53.75 106.44 2.12 17.64  7.57 36.48 0.39 20.82
May 22.83 297.50  44.00 49.19 91.00 1.80 2485 847 2639  2.14 10.67
Jun 28.00 29030 45.36 63.43 106.07 2.00 28.64  8.14 19.23  1.05 0.00
Jul 27.63 280.20 52.10 55.45 107.27 2.57 31.58  7.03 2231 5.55 0.00
Aug 26.64 283.00 76.75 62.42 139.00 2.69 30.14  5.19 18.00 2.18 0.00
Sep 19.79 272.90  90.10 5791 147.91 2.73 2724  6.66 2143  1.27 0.00
Oct 15.25 272.80 11645  53.18 169.73 2.67 1945 471 28.15 —=0.79 0.51
Nov 12.00 276.40 13542  64.58 200.00 3.21 9.80 4.61 4148 —3.88 11.17
Dec 7.85 27990 129.54  53.25 171.75 3.27 6.28 5.14 5264 —396  58.68
2017 Jan 9.27 301.10 102.37  58.31 160.75 2.94 5.53 5.21 49.88 —495 23.12
Feb 11.56 334.00 81.88 61.06 143.00 3.00 5.10 5.87 4725 — 657 31.75
Mar 27.57 326.70 45.82 50.23 96.29 2.20 1121 691 4632 —1.26 36.57
Apr 23.64 297.50  46.55 43.94 90.56 2.35 1770  6.81 37773 1.06 33.52
May 26.43 299.20  52.05 47.11 99.11 2.50 2527 721 2426  0.26 20.83
Jun 31.00 288.40 49.11 45.28 96.18 2.44 2980 7.63 16.87  0.03 0.00
Jul 32.18 286.00 46.80 46.47 93.13 2.53 3171 5.70 18.65 293 9.40
Aug 30.18 280.20  55.60 53.4 108.87 2.56 3035 5.62 19.12  3.10 0.00
Sep 25.00 27230 87.20 60.00 147.00 2.44 2723 5.26 20.41  1.00 0.00
Oct 15.23 269.30 109.44  53.00 162.31 2.42 19.64 532 2798 —125 432
Nov 11.65 28570 103.80  53.33 156.93 2.42 1371 543 3239 —-3.09 0.00
Dec 7.65 287.90 139.12  65.25 204.06 3.05 8.26 431 40.00 —5.11 4.06
2018 Jan 8.53 31320 11853  56.27 174.80 2.35 6.11 5.34 47.00 - 5.69 31.75
Feb 10.18 331.40 89.40 59.67 149.20 2.41 8.44 5.15 5595 —039 2743
Mar 19.47 32770 54.87 40.33 94.93 2.29 17.07 838 27.15  —3.85 5.32
Apr 22.72 33390 37.07 41.07 77.64 1.76 16.80  6.25 37.08 0.05 54.35
May 29.53 319.60 35.00 40.54 74.54 1.37 2122 7.18 37.46  4.62 24.88
Jun 34.62 288.50 36.83 38.75 74.50 1.56 28.86  6.30 2226 325 5.58
Jul 36.81 282.00 46.33 41.42 86.00 1.69 3410 5.65 14.09 1.57 0.00
Aug 26.87 279.10 53.33 39.08 91.33 1.71 31.73  6.00 20.00 4.62 0.00
Sep 22.69 281.80 70.08 42.92 111.69 1.76 27.15  5.58 2117 1.27 0.25
Oct 13.87 280.20 76.78 40.93 116.93 1.82 1930  5.69 4036 4.03 14.23
Nov 10.33 27830 78.08 49.38 126.77 2.00 1091 429 59.14 248 72.39
Dec 7.93 284.40 101.00  58.64 158.78 2.18 8.99 4.71 51.50  —1.09 2692
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Table 4 continued
Year Month Parameters
Ozone Precursors Parameters Meteorological Parameters
(03 (03 NO NO, NOx CO T(C) WS RH DwP PP
(ppb)  (DU)  (ppb)  (ppb) (ppb) (ppm) (Knot) (%) (°0) (mm)
2019 Jan 9.47 282.80  90.07 57.36 146.78 2.35 5.94 5.81 51.86 — 398  49.29
Feb 13.00 320.04 63.21 54.64 117.43 1.87 7.23 6.35 4444 — 498 18.53
Mar 18.94 347.80 39.94 44.81 84.37 1.29 1048  7.11 43.09 —2.81 62.48
Apr 2471 327.90 36.76 41.41 77.88 1.11 1538 7.12 3407 —-0.35 65.02
May 28.00 312.10 39.88 40.47 79.88 1.22 2426  7.96 2534 152 6.09
Jun 36.35 29390 40.83 45.17 85.11 1.41 3040 5.84 18.13  2.20 1.02
Jul 32.41 284.60 48.39 47.06 94.61 1.65 33.06 7.24 18.42  4.06 0.00
Aug 30.50 284.50 56.39 48.11 103.89 1.76 30.61  6.12 2052 3.76 0.00
Sep 21.89 27390 72.50 44.61 116.56 1.94 26.68  6.20 2453 293 0.00
Oct 15.37 280.10  74.56 50.56 124.44 1.94 19.59  5.03 40.02  3.04 66.82
Nov 9.68 290.50 97.88 57.41 154.65 2.00 9.34 4.36 5745 0.26 21.84
Dec 7.26 300.50 122.28  66.11 188.06 4.78 7.89 4.42 56.81 —0.62 2413
2020 Jan 7.84 33290 85.22 58.39 143.06 1.78 4.02 5.11 5795 —4.05 25.90
Feb 13.33 321.70  65.67 50.11 115.22 1.59 7.25 7.90 46.75 —4.63 86.38
Mar 21.47 323.40 32.39 41.11 73.28 1.13 13 6.21 4137 —142 5841
Apr 21.63 330.80 29.78 37.67 67.11 3.75 15.09 6.86 4837 2.83 96.25
May 28.05 293.10  32.00 38.89 70.50 1.18 24.14 747 2628  1.49 23.88
Jun 33.39 279.00 38.53 44.18 82.29 1.33 29.67  7.65 1746 0.21 0.76
Jul 36.26 278.80 34.22 4522 79.05 1.28 3120  6.27 21.02  4.86 0.25
Aug 29.68 273.10 46.78 42.22 88.17 1.33 28.87  6.78 2646  6.12 0.00
Sep 23.21 27540 68.50 48.00 115.78 3.11 2598  5.27 23.60 234 0.00
Oct 19.16 266.50 94.44 57.56 151.44 1.94 1827 4.42 3271 —-032 16.51
Nov 9.84 269.90 75.17 49.11 123.89 1.59 1148 4.42 5720 1.50 72.39
Dec 6.67 29630 102.11  60.44 161.94 2.06 5.01 4.08 6771 —0.79 39.12

management methods, improvement in public trans-
portation such as metro, prevention of expansion and
continuation of polluting industries in urban areas,
application of traffic restrictions may be considered
the main factors in reducing the amount of ozone
concentration in Tehran during the second decade. The
average annual ozone concentration in 2020 compared
to 2001 has increased by 23.77%. This is due to
changes in meteorological conditions and climate
change.

The seasonal variation in ozone shows low con-
centrations in late autumn and winter and high
concentrations in late spring and early summer. The
seasonal changes in ozone precursors are different the
pattern of seasonal changes in ozone. In general,

increasing precursors of tropospheric ozone concen-
trations the length of the day is related to human
activities and traffic. Correlations of Oz with its
precursors as well as meteorological parameters were
investigated using regression analysis. Pearson corre-
lation was used to show the effect of each parameter on
average ozone concentration. The results showed that
O; had a positive and significant correlation with
temperature, wind speed and dew point and a negative
correlation with relative humidity and rainfall rate.
The concentration of ozone precursors has a signifi-
cant positive correlation with moisture and rainfall and
a significant negative correlation with temperature,
wind speed and dew point. In general, temperature and
relative humidity have the highest significant
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correlation with tropospheric ozone concentration.
Maximum tropospheric ozone concentrations occur at
high temperatures and low humidity.

The results show that seasonal changes in Oj
concentration and its precursors are not fully consis-
tent with seasonal changes in meteorological param-
eters. This three-atom oxygen combination is a
dangerous air pollutant due to natural and human
factors affecting air quality such as stratospheric air
infiltration and increasing concentration of ozone
precursors as the result of industrial activities, vehicle
traffic and pollutants in Tehran. The correlation of
tropospheric ozone data with the climatic data,
especially temperature in Tehran, as well as the
analysis of Oj variations during the last two decades,
indicates that the cybernetic climate system is one of
the main controllers of the tropospheric ozone
concentration.
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