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Abstract

Background and aim: Tropospheric ozone is a problem with multi aspects - hazard to human health, plant, and
welfare and a key factor to climate change, air pollution and atmosphere chemistry, as well. Behavior of ozone and
nitrogen oxides (NO, and NO2) concentration is highly complex and variable; therefore, their trends as short and
long-term were significantly attended. Most of the studies were carried out on the behavior of pollutant
concentrations in North America, Europe, and East Asia, but few studies have been conducted in west Asia. The aim
of this study was to assess daily changes and long-term trend of ozone and nitrogen oxides concentrations in
Tehran city, Iran from March 2002 to September 2011.

Material and methods: Data were collected from 18 air quality monitoring stations. The data were sorted as daily
mean of 10 years (daily changes) and annual mean for each year (long-term trend). One-sample test was used to
assess the statistical significance.

Results: Current findings indicated that changes of ozone, NO, and NO2 concentrations are dependent from job
shifts and photochemical reactions. Annual mean concentrations of ozone and NO2 were gradually increased,
long-term trend of ozone and NO2 concentration indicated. The correlation between long term trend of ozone and
NO2 was significant (p < 0.05).

Conclusion: The controlling program was the most important factor in long-term concentration of ozone, and
nitrogen oxides, but some problems and difficulties were accounted to perform controlling program.

Keywords: Tropospheric ozone, Daily changes, Long-term trends, Nitrogen oxides

Introduction
Both advantages and disadvantages of ozone is based on
height; as in stratosphere, the ozone protects human
health, and other biological systems against harmful Ultra-
violet (UV) radiation via absorbing UV, but in contrast the
very gas could potentially damage human health, animal,
and vegetables in surface of troposphere as a secondary
pollutant [1–6]. Ozone is the second fatal pollutant
following the particulate matter; also, and it has the essen-
tial role in making effects on human health. Approxi-
mately 0.7 million deaths are related to tropospheric
ozone annually [7]. Ozone also affects crop yield of plants;

it demolishes the photosynthesis system of plants as detri-
ment about 14 to 26 billion dollars in 2000 [8].
Tropospheric ozone is formed during some chemical re-

actions amongst ozone precursors such as Hydrocarbons
(HCs), and Nitrate Oxidants (NOx) [9]. The background
concentrations of the ozone are strongly linked to its pre-
cursors’ concentrations [10] and the emission of precur-
sors depends on sources mainly including gases produced
by human and biological activities, but the human contri-
bution including combustion, non-combustion, and agri-
culture is higher than biological activities [11]. Ozone is
also strongly believed to play a key role in global warming,
climate change, decliningair quality, and chemistry of at-
mosphere [12–14].
The levels of background ozone had an increasing

trend in the northern hemisphere particularly in North
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America, Europe, Eastern and Southeastern Asiain re-
cent century, but recently this increase is controlled
even in some regions with decreasing trend due to con-
trolling programs [15–17].
This behavior of ozone and its precursors were consid-

ered in many literatures since the precursors of tropo-
spheric ozone mainly affects the trends of ozone [10, 17].
Lal et al. [18] reported that daily variation of the concen-
tration of the tropospheric ozone was related to boundary
layer processes, and local wind direction pattern, the high
concentration in background ozone was observed in the
seasons, fall and winter; also, this higher concentration
was due to excessive production of ozone processors re-
sulted in high traffic weight loads, and lower boundary
layer heights in the mentioned seasons [18]. Daily changes
of background ozone concentrations investigated by Xu
et al. [19] indicated an increased tropospheric ozone [19].
Production and trend of ozone are affected by regula-

tion of controlling programs. Consequently, background
levels of ozone could be controlled by regulating an ap-
propriate policy.
It should be noted that controlling programs could not

alwaysbe effective; the main factor of ozone products is
not a manmade source and biological factors should occa-
sionally be considered. In controlling programs that were
applied in the United States, there was no acceptable in-
fluence in NOx-reduction program in background ozone
reduction as NOx reduction in the emissions’ rate per mile
compensated with increase of travel miles; as a result, tar-
get pollutant for controlling programs were changed from
NOxto Volatile Organic Components (VOCs) in some re-
gions [20].
In some studies, long-term changes of ozone and its

precursors were assessed [21–23]. Considering long-
term trends of surface ozone are important to under-
stand effects of this matter on human health, plants, and
climates and for selecting air pollution control programs
(as mentioned above), particularly in large scale.
Richter et al. [24] demonstrated that trends of ozone

precursors were increased over the last decades particu-
larly in China; in contrast with the United States and
Europe, producing trend of tropospheric ozone and its
precursors were dropped [21, 24].
Some of the studies were performed in continentals-

cale. In Europe, a study conducted by Jonson et al. [22]
indentified that the ozone concentration was raised in
winter and declined in summer, and also determined
that changes in ozone is reasonably not correlates with
changes in NOx [22].
In a systematic review it was showed that changes in

ozone trends had a heterogeneous distribution so that
in 22 stations, a rising trend was reported, in eight
was reversed, and in some stations no change was ob-
served [15].

More studies should be conducted forozone and its
own precursors’ concentrations to survey the mentioned
trends. The aim of the current study was to survey diur-
nal cycles and long-term trends for these pollutants in
Tehran, Iran from March 2002 to September 2011, while
more stations for long-term measurement of ozone and
its precursors located in North America, Europe and
East Asia [25, 26].

Material and methods
All of the data were collected from 18 regional air moni-
toring stations in Tehran city. They were given from Air
Quality Control Companyof Tehran. Tehran had signifi-
cantly a growth in urbanization and industry during the
last years, [27]. The stations automatically recorded the
concentrations from March 2002 to September 2011.
The locations of these stations are illustrated (Fig. 1).
The measuring method for NOx (NO2 and NO) concen-
tration was Chemical Luminsans and Non-dispersive In-
frared Sensor (NDIR), O3 Analyzerwere used to measure
the O3 concentration. The values of the concentration of
O3, and NOx (NO2 and NO) were measured, hourly.
The average of hour-values was taken and the mean of
10 years’ days considered as daily changes. Also, the
average was taken of daily means during a year, this con-
sidered asannual mean (long-term) concentration. To de-
termine the statistical significance, one sample test was
used. The significant level of greater than 0.05 was used to
evaluate the ozone and NO2 behaviors in long-term
trends. We removed NO concentration from long-term
trend due to the high behavioral similarities to NO2.

Results and discussion
The aims of this study were to investigate diurnal changes
and annual trend for tropospheric ozone and the concen-
tration of its main precursors in Tehran city during ade-
cade (2002 to 2011). We focused on background levels of
these pollutants collected from regional air monitoring
stations across all of the areas.
The daily changes of ozone, NO and NO2 concentrations

from 2002 to 2011 were shown (Fig. 2 and Table 1), and
the annual trend of pollutants are illustrated (Figs. 3 and 4).

Diurnal variations
The concentration of NO had two peaks at 7 to 8 A.M
(~110 ppb) and 9 to 12 P.M (~105 ppb). Moreover, the
NO2 peak occurred around 8 to 9 A.M (~61 ppb) (fol-
lowing NO peak) and at 8 to 11 P.M (~63 ppb). Con-
versely, a peak was observed in the concentration of
ozone in the middle of the day reached to its peak at 1
to 3 P.M and the turning point of the levels of ozone oc-
curred around 2 P.M (~50 ppb). Coincides with the
maximum level of ozone in middle of the day, minimum
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levels of NO and NO2 was observed (~35 and 50 ppb,
respectively).
In other words, the opposite behavior of ozone was

demonstrated in comparison with its processors (NO and
NO2) in terms of mean daily change. As maximum levels
of ozone illustrated in noon, minimums were in the morn-
ing and night, in contrast, there was a maximum level for
NO and NO2 in the morning and night and minimum
during noon. These events are resulted from photochem-
ical reactions of NO, and NO2 during rush hours and also
job shifts. The rapid increase of NO concentration corre-
lates with beginning of job hours in the morning. The
peak of NO2 concentration related to converting of NO to

NO2, over 1 to 2 h. With the rising of sun, the photo-
chemical reactions of NO and NO2caused appearing of
O3. The concentration of O3 would be in its own max-
imum level in the middle of the day. These results are
compatible with some studies [19, 23, 28].

Long-term trends
Annual trends of ozone and the concentration of its
main precursor were portrayed (Figs. 3 and 4). Despite
the increase in the concentration of NO2 in all years
from 2002 to 2011, some changes were demonstrated
in this period; the levels of NO2was decreased in 2002
to 2003, then it was almost constant to 2005, but in

Fig. 1 Location of air quality monitoring stations (Air Quality Control Company)

Fig. 2 Diurnal variations in ozone, NO and NO2 concentration from March 2002 to September 2011
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2005 to 2007 (maximum level) it was increased, after-
wards it was decreased in 2009 then formed astraight
line (Fig. 3).
These trends could relate to controlling program

(entering of new equipped vehicles with better fueling
systems, using of catalytic converters in new vehicles,
and having compulsory standards of Euro 1 and 2 for
under-constructing ones). In spite of increased levels
of NO2 concentration, very small increases were ob-
served. Although, controlling program in Tehran city
was considered to use engines with better combustion
and produce fewer NO2, and decreasing emission of
NO2 per mile, the number oftraveled miles increased
as NO2 continues to rise, some of the studies [23, 29, 30]
confirm this finding.
According to the statistical analyzes (one-sample

test), changing trends of ozone concentration was
linked to NO2 concentration (P > 0.05) and similar to
the majority of findings identified that the main factor

of reducing concentration of ozone is NO2 [23, 31]; a
correlation was obtained between the ozone and NO2

concentration, some studies [23, 32] are consistent with
gained findings, but are not compatible with the results
of Jonson et al. [22].
The trend of surface ozone had a fluctuating process.

The two peaks were indicated in 2005 and 2007. The
trend of the concentration of the ozone was a gentle in-
creasing in total period (for more details see the Fig. 4).
It is seemed that, small rate of ozone increase is due to

controlling programs of air pollution, particularly NO2.
Although a controlling program is being conducted in
Tehran, like other developed countries, there is a gap be-
tween plan and implementation [33].
It should be considered that our data are collected

from interurban stations and part of reported concentra-
tion might be resulted from industries around the city,
but the same data are very valuable for the detection of
pollutants behavior. It is also noted that evaluation of

Table 1 A summary statistic table for ozone, NO and NO2 concentration according to time of day

Time Pollutant

NO NO2 O3

Min Max Mean SD Min Max Mean SD Min Max Mean SD

1 74.81 150.17 99.27 25.34 41.16 74.04 57.87 11.15 7.64 41.23 17.66 10.72

2 67.18 131.47 86.45 21.21 37.51 70.14 54.56 10.70 8.34 42.02 18.47 10.84

3 54.97 113.36 73.96 18.68 34.10 66.25 51.65 10.24 8.83 34.24 18.38 9.11

4 48.15 99.18 64.81 16.84 34.46 62.38 49.61 9.16 9.16 32.38 18.61 8.83

5 49.41 90.62 64.74 14.46 32.42 61.06 48.53 8.79 8.70 31.24 17.98 8.31

6 57.13 104.05 78.77 15.20 38.08 62.89 51.90 7.71 7.60 30.73 17.06 8.34

7 80.77 140.21 106.68 19.26 44.94 69.87 57.41 8.75 7.06 33.29 16.24 8.71

8 78.66 180.15 112.90 33.85 49.23 79.75 61.98 10.28 8.35 37.33 17.52 9.74

9 51.82 165.96 89.58 35.78 48.14 80.51 61.81 9.98 12.30 37.02 22.05 9.09

10 35.62 118.02 64.84 24.97 43.84 76.77 58.52 10.10 17.37 42.78 28.95 8.89

11 26.15 86.73 51.29 18.07 38.74 70.22 55.26 10.30 24.12 50.66 35.73 9.48

12 20.77 69.17 42.93 14.27 32.89 66.57 51.94 10.96 29.82 58.69 40.64 10.10

13 17.92 58.83 37.30 11.58 32.88 61.35 49.07 9.63 33.40 63.30 44.20 10.83

14 16.38 52.16 35.22 10.75 27.93 58.83 47.49 9.48 35.80 66.03 46.73 11.60

15 15.97 50.18 34.38 9.80 30.22 58.85 47.02 8.86 34.24 66.26 46.52 11.56

16 17.68 52.78 35.19 10.07 30.79 60.57 47.11 9.14 31.27 63.82 44.26 11.32

17 21.47 60.45 40.72 30.02 31.81 61.33 49.19 9.85 26.46 56.35 39.42 11.22

18 29.31 71.32 49.67 14.70 34.93 66.63 53.44 9.37 20.65 47.11 33.02 9.24

19 43.03 86.55 62.56 18.19 41.00 70.58 57.97 9.04 13.93 38.91 25.95 8.96

20 57.14 109.93 79.76 21.07 47.13 74.31 62.16 8.83 9.40 39.39 20.75 9.94

21 69.60 133.01 95.89 22.01 49.17 77.45 63.68 9.84 7.88 41.33 18.00 10.52

22 74.46 148.28 105.93 24.26 48.86 78.44 63.83 10.84 7.43 42.46 17.37 10.96

23 77.43 156.65 108.41 25.64 46.84 77.82 62.59 11.19 7.27 42.84 17.29 11.01

24 78.44 158.66 106.77 25.70 44.78 76.74 60.54 11.22 7.24 42.86 17.52 11.17
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ozone trends are very difficult since these trends have
many inter annual variations and plenty of time is re-
quired to assess.

Conclusion
This study targeted the short and long-term changes of
ozone and the concentration of its precursors. It deter-
mined that job shifts and solar radiation and photo-
chemical reactions are the main causes of daily changes
for these pollutants; in case of long-term trend of NO2,
it was the main factor for ozone trend. Based on the
current findings, giving more attention to high impact of

job shifts on daily changes of pollutants is necessary, le-
gislation and facilities should be adopted to improve and
move towards the use of public transportation systems.
In addition, the public transportation system should be
extended and reconstructed. The effective actions were
performed to improve fuel that all of the activities
should progressively be continued.
More researches should be performed to focus on the

impact of industrial emission on ozone behavior, using
of treated data for the same studies, and evaluating the
effects of controlling program stages on pollutants be-
havior, as well.

Fig. 4 Long-term trend of O3 concentration during 2002 to 2011

Fig. 3 Annual trend of NO2 mean concentration during 2002 to 2011
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