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the air pollution levels.
Materials and methods: Hourly concentrations of PM,, PM, ,, O,, NO,,
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SO,, and CO in different air quality monitors of Tehran were acquired. The

Keywords: data from each air quality monitored were validated, and only high-quality
Particulate matter; Temporal variation; monitors were included in this study.
Trend; Outdoor; Ambient air pollution Results: The 4-year averages of PM,, PM, , O,, NO,, SO,, and CO concen-
trations were 88.74 (ng/m?), 31.02 (ug/m?), 34.87 (ppb), 71.01 (ppb), 20.04
(ppb), and 3.78 (ppm), respectively. Higher concentrations of PM,  and O,
were observed during summer. In case of PM, ; and CO, autumn and winter
concentrations were higher than those in springer and summer. Lower concen-
trations of PM,; and NO, in Fridays were observed comparing to other days
CORRESPONDING AUTHOR: of week. Ozone had high concentrations in Fridays as the weekend in Iran.
- X Except for O,, all of the pollutants had higher concentrations in the working
ashahsavani@sbmu.ac.ir g . . .
Tel: (+98 21) 22432037 days, comparing to those in any type of vacation days. Concentrations of all
Fax: (+98 21) 22432037 pollutants rather that SO, and O, in Nowruz holidays were statistically lower

than those in the working days. By controlling for the effects of meteorologi-
cal variables, our results showed that the air pollution control policies and ac-
tions have been not effective for particulate matter.

Conclusion: These results determines the time periods in which the concen-
trations of criteria air pollutants are high. This can be very useful for an-
nouncing alarms for citizens, and designing the air pollution control plans.
In addition, more effective actions should be designed and implemented for
reducing ambient levels of particulate matter.

Introduction lion annual deaths were attributed to indoor

Air pollution has been introduced as the fourth  3nd outdoor air pollution [2]. There are several

risk factor for human health [1]. In a report by  criteria air pollutants that can affect human
World Health Organization (WHO), about 7 mil-  health such as different fractions of particu-
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late matter, ozone (O,), nitrogen dioxide (NO,),
sulfur dioxide (SO,), etc. [3]. Particulate matter
with a diameter of PM,, um or smaller (PM, )
is a fraction of particles that is able to enter the
alveolar region in lung, as a place for blood ex-
change. PM, . represents the high-risk fraction of
particulate matter in air.

Many epidemiological studies have shown a
positive relationship between short- or/and long-
term exposure to PM, . and different adverse
health effects [4]. PM, ’s short-term exposure is
associated with ischemic heart disease (IHD) and
chronic obstructive pulmonary disease (COPD).
Its long-term exposure is related to lung cancer,
and respiratory and cardiovascular diseases. It is
shown that lung cancer incidence increases per
each 10 pg/m’ PM, . [5]. International Agency
for Research on Cancer (IARC) has introduced
particulate matter as Group 1 carcinogen (carci-
nogenic to humans) [6].

Several cities of Iran are experiencing high con-
centrations of air pollutants, especially PM,
[7]. Southern and western cities are affected by
Middle Eastern dust storm, which even reach
Tehran in central Iran [8, 9]. Tehran as the capital
of Iran is mainly affected by mobile sources of
air pollution [10]. Annual concentrations PM,
are reported to be 3-4 times higher than those in
WHO’s guideline. These extremely high concen-
trations cause large numbers of deaths and hos-
pital admissions [11-16]. In addition, high con-
centrations of other criteria air pollutants such as
0,, NO,, SO,, and CO in different cities of Iran
have been investigated in other studies [11, 17],
and high levels of those pollutants have been re-
ported.

Tehran is the capital of Iran, and have a popula-
tion near 9 million people. There are about 3 mil-
lion personal vehicles in Tehran, of which 25%
are more than 10 years old and 75% have emis-
sions with Euro-2 standard and less [18]. About

70% of particulate matter in Tehran during 2015
was emitted from mobile sources [19]. Mobile
sources, energy production, and domestic sector
are responsible for about 46%, 24%, and 23% of
total NOx emission in Tehran [19]. The dominant
source of emitted SOx in ambient air of Tehran is
the energy production sector, which reflects the
use of fossil fuels [19]. This situation has led to a
severe condition of air pollution in this city [13].
Therefore, it is necessary to evaluate the concen-
trations of criteria air pollutants in Tehran during
the recent years. It can provide information about
the effectiveness of air pollution control strategies
and actions. In addition, the temporal patterns of
different air pollutions can be understood better.
The aim of this study was to investigate the con-
centrations of PM , PM, ., O,,NO,, SO,, and CO
in Tehran during March 2014-March 2018, and
evaluate the effects of holidays and meteorologi-
cal parameters on the air pollution levels.

Materials and methods

Study design

This study investigated the concentrations of
PM,,, PM,,, O,, NO,, SO,, and CO in Tehran
March 2014-March 2018. Tehran as the capital
of Iran is located in Central areas of this country
(35°41"21"N 51°23'20"E), and have a population

about 9 million people [20, 21].

Air quality data

Hourly concentrations of PM , PM, , O,, NO,,
SO,, and CO in different air quality monitoring
stations of Tehran were acquired from Depart-
ment of Environment (DoE) and Tehran’s Air
Quality Control Company (TAQCC). First, in-
valid concentrations of pollutants were removed
from the dataset. Second, only stations were in-
cluded in the study that contained at least 75%
valid hourly concentrations. Third, the volumet-

ric unit of gaseous pollutants i.e. ppbv or ppmv
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were converted to the mass unit i.e. pg/m’. Then,
appropriate averages for each pollutant were cal-
culated. For PM, , PM_
were obtained. For NO, and CO, the maximum

and SO,, 24-h averages

hourly concentration in each day was considered
as the representative concentration for that day.
For ozone, the maximum of 8-h moving averages
in each day was calculated. This approach was
taken from some previous studies [11, 12, 22].

Data analysis

The descriptive statistics of each air pollutant in
each year were calculated. Daily concentrations
of each pollutants during four seasons (in order
of Persian calendar: spring, summer, autumn, and
winter), twelve months (in order of Persian calen-
dar: March, April, May, June, July, August, Sep-
tember, October, November, December, January,
and February) and seven days of week (in order
of Persian calendar: Saturday, Sunday, Monday,
Tuesday, Wednesday, Thursday, and Friday) were
averaged and compared statistically. In addition,
days were divided into four categories: work-
days, Fridays (weekend), formal holidays, and
Nowruz holidays. Air pollutants’ concentrations
during each of these categories were averaged
and compared.

For statistical analysis and comparing the con-
centrations between different years, seasons,
months, days of week, and types of days, first,
the normality of datasets was analyzed using
the Kolmogorov-Smirnov test. Then, the equal-
ity of variances was analyzed by Levene’s test.
Third, based on the results of these steps, para-
metric (ANOVA) and non-parametric (Kruskal-
Wallis) statistical tests were selected to compare
the concentrations between groups. The effects of
meteorological parameters on the concentrations
of air pollutants were analyzed using multiple
linear regression. Concentrations of each pol-
lutant in each year and total of four years were

considered as response variable. The values of all
meteorological variables in the same time period
were considered as predictor variables. All of the
statistical analyses were performed using the R
Programming Software.

Results and discussion

Temporal variations of PM, , PM, ., O,,NO,, SO,,
and CO concentrations in Tehran were investi-
gated. Table 1 shows the descriptive statistics of
each air pollutant in each year during 2014-2018.
Tables 2 shows the descriptive statistics of me-
teorological parameters including wind speed, air
temperature, relative humidity, and dew point in
Tehran during 2014-2018. The 4-year averages of
PM,,, PM,,, O,, NO,, SO,, and CO concentra-
tions were 888.74 (ug/m?), 31.02 (ug/m?), 34.87
(ppb), 71.01 (ppb), 20.04 (ppb), and 3.78 (ppm),
respectively. PM, ., PM
have increased gradually during the study period;

NO, concentrations

however, SO, concentrations has decreased dra-
matically from 46.41 to 7.66 ppb. Some fluctua-
tions were found in case of ozone, and no specific
trend of ozone were observed. On the other hand,
CO levels have been relatively constant. Statis-
tical analyses showed that the concentrations of
PMIO’ PMz.s’
significantly higher than those in the first year
(P<0.05). However, the concentrations of SO,
and CO in the last year were significantly lower
than those in the first year of study (P<0.05).

In another study, the three-year average (+ stan-

NO,, and O, in the last year were

dard deviation) of PM ; and PM, , concentrations
were 80.21 (+ 34.21) and 39.17 (+ 17.26) ug/m?,
respectively [11, 23]. The three-year averages (+
standard deviation) for ozone (O,), nitrogen diox-
ide (NO,), and sulphur dioxide (SO,) were 54.88
(+ 24.15), 103.97 (+ 25.88) and 39.84 (= 11.17)
ug/m?, respectively [11]. In another study, the an-
nual average of PM, , SO,, NO, and O, in Tehran
were 90.58, 89.16, 85 and 68.82 ug/m’, respec-
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tively [17].These results show some differences
between those from our study.

In a report, TAQCC investigated the average con-
centrations of each pollutants in the individual
monitoring stations in Tehran. The report showed
that the number of stations with ozone concentra-
tions higher than 70 ppb increased in the 2017-
2018 year comparing to the 2015-2016 year [24].
This is consistent with our results. In addition,
the report of TAQCC indicated that the concen-
trations of CO and SO, in different monitors have
been reduced in the 2015-2018 period. The re-
sults of the present study was also indicative for
a slight and dramatic decrease for CO and SO,
concentrations in the whole city, respectively.
The report showed that no increase and decrease
was observed for NO,. This is not consistent
with our results that showed an increase in NO,
concentrations over the study period. In case of
PM, ., TAQCC reported that the annual average
for the 2015-2016, 2016-2017, and 2017-2018
years were 28.8, 32.8, and 32.3 pg/m’, respec-
tively. The annual averages of PM2.5 during

Table 1. Descriptive statistics of PM, , PM

10°

the same years in our study were 30.6, 31.6, and
33.4 ug/m’, respectively. In total, some of their
results were inconsistent with those in our study.
It should be noted that a larger number of moni-
tors were included in the present study, and the
TAQCC report was based on a fewer number of
monitors [24].

Another report by TAQCC indicated that there
are about 3 million personal vehicles in Tehran,
of which 25% are more than 10 years old and
75% have emissions with Euro-2 standard and
less [18]. About 70% of particulate matter in Teh-
ran during 2015 was emitted from mobile sourc-
es [19]. Mobile sources, energy production, and
domestic sector are responsible for about 46%,
24%, and 23% of total NOx emission in Tehran.
In addition, the major sources of SOx in Tehran
is the energy production sector, which reflects the
use of fossil fuels [19]. Several other studies also
reported high concentrations of criteria air pollut-
ants and volatile organic compounds (VOCs) in
Tehran that indicates this city is highly polluted
area in Iran [22, 25-29].

0,,NO,, SO,, and CO concentrations in

Tehran during 2014-2018

Pollutant  Statistic 2014-2015 2015-2016 2016-2017 2017-2018 4-year average
PMy, Mean 77.09 98.82 91.08 87.87 88.74
(ug/m’) SD 31.17 45.04 34.57 30.86 20.39
Min 18.64 20.73 24.05 17.08 29.90
Max 230.67 334.14 250.83 224.78 177.01
98" p. 168.79 218.80 175.48 168.26 130.80
99" p. 189.74 245.16 194.90 193.16 136.66
PM, s Mean 28.42 30.62 31.62 33.39 31.02
(ng/m’) SD 11.07 13.26 13.48 14.18 8.06
Min 6.79 6.07 8.38 8.59 11.62
Max 73.89 90.93 84.58 117.92 64.27
98" p. 57.42 65.17 73.52 77.42 52.23
99" b, 60.73 70.36 77.78 87.21 54.50
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10° 2.5°

0,, NO,, SO,, and CO concentrations in
Tehran during 2014-2018

Pollutant  Statistic 2014-2015 2015-2016 2016-2017 2017-2018 4-year average
0; Mean 31.01 39.40 32.93 39.85 34.87
(ppb) SD 10.40 15.47 15.89 20.49 13.99
Min 10.44 7.77 5.79 5.40 10.76
Max 64.97 77.31 83.57 82.64 66.45
98™ p. 50.02 69.53 67.28 77.27 60.17
99™ p. 52.62 71.21 71.39 78.80 61.38
NO, Mean 73.76 53.86 77.86 78.44 71.01
(ppb) SD 19.41 18.89 17.97 18.10 10.57
Min 37.00 19.00 40.63 43.38 41.79
Max 150.29 213.00 143.56 152.83 110.62
98™ p. 122.15 94.10 121.06 123.94 95.27
99™ p. 135.92 107.14 125.93 140.01 99.67
SO, Mean 46.41 16.57 11.20 7.66 20.04
(ppb) SD 25.26 3.30 4.25 1.97 6.39
Min 12.70 10.07 4.58 3.10 8.16
Max 197.67 27.05 29.04 15.33 57.09
98™ p. 110.27 24.17 22.94 12.16 35.11
99" p. 147.65 24.88 24.89 13.29 44.25
CcoO Mean 3.83 3.41 4.44 3.47 3.78
(ppm) SD 0.95 0.77 1.35 0.75 0.61
Min 2.05 1.99 1.71 1.83 1.99
Max 8.21 6.09 9.49 7.10 5.52
98™ p. 5.99 5.56 8.06 5.03 5.11
99" p. 6.48 5.92 8.51 5.31 5.27

Table 2. Descriptive statistics of meteorological parameters in Tehran during 2014-2018

Parameter Statistic  2014-2015 2015-2016 2016-2017 2017-2018 4-year average
Mean 3.21 3.14 3.17 2.99 3.13
Wind speed SD 1.44 1.53 1.45 1.34 1.44
(m/s) Min 0.75 0.50 0.38 0.75 0.38
Max 9.38 10.13 9.38 9.13 10.13
Pressure Mean 880.69 881.86 880.94 881.62 881.51
(mbar) SD 4.68 4.38 4.24 4.05 4.35
Min 866.93 866.64 870.66 871.55 866.64
Max 894.85 896.26 893.05 894.73 896.26
Temperature =~ Mean 18.86 19.16 18.21 19.27 18.87
(°O) SD 9.94 9.90 10.25 9.52 9.90
Min 1.13 -0.91 -4.05 -4.10 -4.10
Max 36.18 36.15 35.18 35.20 36.18
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Table 2. Descriptive statistics of meteorological parameters in Tehran during 2014-2018

Parameter Statistic  2014-2015 2015-2016 2016-2017 2017-2018 4-year average

R. Humidity = Mean 33.11 33.20 33.73 31.26 32.83

(%) SD 16.03 17.52 16.92 16.04 16.65
Min 8.00 9.64 9.38 8.13 8.00
Max 83.63 85.38 90.50 94.00 94.00

Dew point Mean -0.43 -0.27 -0.75 -0.86 -0.58

(°O) SD 4.26 492 5.10 4.54 472
Min -11.61 -15.56 -17.50 -12.44 -17.50
Max 8.55 11.60 10.58 12.81 12.81

The percent of days with concentrations of PM, ,
PM, ., O,, and SO, within the air quality guide-
lines (AQGQG), and interim targets (IT) of WHO are
presented in Fig. 1. According to this figure, only
12% and 34% of days in all the four years have
met the AQG of WHO for daily concentrations
of PM ; and PM, ,, respectively. However, 80%

and 19% of days were below the AQGs of O,
and SO, respectively. For PM, ., 44%, 14%, and
7% of days had concentrations within AQG-IT3,
IT3-IT2, and IT2-IT1, respectively. In addition,
1% of days in all the four years have had PM,
concentration higher than IT1 of WHO. This situ-
ation is more worst in case of PM, .

Percent of days within concentration ranges
IT-2 WI|T-1 E>T-1

Bm<AQG EmIT-3

Percent of days (%)

PM10 PM2.5

03 502

Fig. 1. Percentage of days with concentrations of PM, , PM, ., O,, and SO, within the air quality guidelines
(AQQG), and interim targets (IT) of WHO
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Fig. 2 shows the seasonal averages (+standard
deviation) of PM,, PM,, O,, NO,, SO,, and
CO in Tehran during 2014-2018. According to
this figure, higher concentrations of PM j and O,
were observed during summer (P<0.05). In case
of PM, ; and CO, autumn and winter concentra-
tions were higher than those in springer and sum-
mer (P<0.05). SO, concentrations were higher
during the springs (P<0.05). In addition, summer
and winter concentrations of NO, were higher
than its spring and autumn levels (P<0.05). The
same pattern can be seen in the Figure 3 that con-
tains the monthly averages (+standard deviation)
of PM,, PM, , O,,NO,, SO,, and CO concentra-
tions in Tehran during 2014-2018.

In a study, the highest levels of CO in Tehran
were observed in September, October, Decem-
ber, and January, respectively. The lowest levels
of O, were in January, December, and November,
respectively. The maximum NO, was in Decem-

ber, and the minimum is in March. The maximum

120

SO, was in January and December, respectively.
The concentration of PM,  was higher than the
other pollutants in almost all months with no sig-
nificant difference except in July, when the maxi-
mum amount of this pollutant was reported [30].
In another study, minimum and maximum con-
centration of PM, ; were observed in May (12.44
ug/m?) and Jan (65.51 ug/m?), respectively [31].
The results of another study indicated that meteo-
rological and environmental parameters in win-
ter season (71%) have a much higher ability to
explain PM, ; concentration than summer season
(40%). In winter, PM, , concentration had a posi-
tive correlation with temperature, and a negative
correlation with wind speed in the northeastern
part of the study area. Precipitation has a posi-
tive correlation with PM, | concentration in most
parts of Tehran in both seasons. In summer, the
air temperature parameter showed a high correla-
tion with PM, | concentration [31].

B Spring

100

80

60

40

20

Concentration (ug/m?for PM,, and PM, .,
ppb for O3, SO, and NO,, and ppm for CO)

PM10

Fig. 2. Seasonal averages (+SD) of PM

10?

Seasonal average (+SD)
B Summer

PM2.5 03

PM

Autumn B Winter

NO2 502 co

,s 0,,NO,, SO,, and CO concentrations in

Tehran during 2014-2018
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Fig. 3. Monthly averages (+SD) of PM
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Fig. 4 illustrates the averages (+standard devia-
tion) of PM , PM, ., O,,NO,, SO, and CO based
on the day of week. It should be noted that Fri-
days are weekend in Iran. Lower concentrations
of PM,, and NO, in Fridays were observed com-
paring to other days of week. Friday concentra-
tions of PM, , and NO, were statistically lower
than those recorded in Wednesday and Tuesday,
respectively (P<0.05). PM, ; concentrations were
reduced in Fridays, but this was not statistically
significant. Although no statistically significant
differences were found were other air pollutants
and other days, some variations can be seen in
Fig. 4. For instance, ozone has high concentra-
tions in Fridays. The reason for reduction in par-
ticulate matter and NO, concentrations in Fridays
is the fewer people and vehicles moving within
city. This increase in ozone levels during week-
ends is reported in other studies [32]. They stated
that this can be due to several factors including:
1) less NOx emission in weekends and less inhi-
bition by NOXx, ii) changes to the timing of NOx
emissions, 1iii) recirculation of polluted air or
overnight accumulation of emissions influences
next-day O, formation and differs from weekdays

PM
Tehran during 2014-2018

,5 0,,NO,, SO,, and CO concentrations in

to weekends, and 1v) lower weekend aerosol lev-
els and increase the amount of photolysis caused
by solar radiation [32]. In Tehran, the higher
concentrations of ozone in Fridays could be also
due to the higher emission of hydrocarbons (as a
precursors of ozone) from heavy vehicles that are
free to enter the inner areas of Tehran in Fridays.
Table 3 presents the Pearson’s correlation coef-
» PM, ., 0., NO,, SO, CO,
temperature (°C), dew point (°C), relative humid-

ficients between PM

ity (%), wind speed (m/s), and barometric pres-
sure (mbar). According to this Table, particulate
matter (PM,; and PM, ) had significant corre-
lations with all of the pollutants and meteoro-
logical variables, except for SO, and barometric
pressure. On the other hand, SO, had only a signif-
icant negative correlation with ozone (r=-0.139)
and relative humidity (r=-0.055). NO, had a high
correlation with carbon monoxide (r=0.513).
Ozone’s correlation with all of the pollutant than
PM,, was negative. Carbon monoxide showed
to have positive significant correlations with
particulates, NO,, and pressure, and negative
significant correlations with ozone, dew point,
relative humidity, and wind speed. Surprisingly,

http://japh.tums.ac.ir
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80
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Concentration (ug/m? for PM,; and PM, ¢,
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PM10

PM2.5

PM
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.
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Fig. 4.PM, , PM, , O,, NO,, SO,, and CO averages (+SD) in Tehran based on the day of the week

a negative correlation coefficient was observed
between ozone and temperature. In addition, rela-
tive humidity had negative correlations with all
other variables, except for PM, .. The correlation
between wind speed and PM, , PM, ,, NO,, and
CO was negative and significant. This means that
with increasing wind speed, the concentrations of
these pollutants decreases.

In a study, a weak positive correlation was ob-

served between PM, . (ug/m’) and temperature
(r=0.42, P< 0.05) and humidity (r=0.37, P< 0.05)
in Tehran. In addition, a negative significant cor-
relation was found between PM, ; daily average
concentrations (ug/m?*) and wind speed (r=-0.686,
P< 0.05). However, no significant relationship
(P< 0.327) was reported between total average
precipitation and PM, ; daily average concentra-
tions in Tehran during this study [31].

Table 3. Pearson’s correlation coefficients between PM, , PM, , O,, NO,, SO,, CO, temperature (°C),

dew point (°C), relative humidity (%), and pressure *

PM,, SO, NO, O3 CO  Temp. Dew. RH WindS. Pressure
PM,s 0.767 0.031 0.438 -0.195 0.394 0.110 0.072 0.068 -0.367 0.233
PM,, -0.019 0.244 0.075 0.268 0.225 0.115 -0.220 -0.152 0.010
SO, 0.019 -0.139 0.024 0.049 0.029 -0.055 0.010 -0.015
NO, 0.014 0.513 0.058 -0.140 -0.179 -0.296 0.073
0s -0.110 0.752 0.351 -0.638 0.101 -0.448
CcO -0.035 -0.139 -0.053 -0.417 0.198
Temp. 0.530 -0.787 0.145 -0.573
Dew. 0.048 0.031 -0.309
RH -0.145 0.404
Wind S. -0.429

* Temp: temperature in °C; Dew: dew point in °C, RH: relative humidity in %, and Wind S: wind speed in m/s. In addition,
significant correlation coefficients are presented as bold numbers.
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The effects of meteorological parameters on the
concentrations of PM, , PM, , O,, NO,, SO,, and
CO during the study period were investigated us-
ing linear regression, and the results are presented
in Table 4. In addition to yearly analyses, the con-
centrations of air pollutants in all the four years
were modelled against the values of meteorologi-
cal parameters in the same time period. All of
the models were statistically significant. A wide
range of adjusted R-squared values was observed
in models (R?>=0.005-0.767). This means that
depending on the situation, meteorological vari-
ables can explain a small or large variations of air
pollutants. In addition, the R? values showed that
there are other variables and confounders e.g.
sources of air pollution that have a significant ef-
fect on air pollution variations. However, the fact
that most of the models were significant indicates
that meteorological variables in general affect the
concentrations of air pollutants in Tehran, even if
this effect is weak.

Positive coefficients mean that with increasing the
meteorological parameter, the concentration of
pollutant increases as well. The opposite relation-
ship exist in case of negative coefficients. The to-
tal linear regression of air pollutants showed that
PM,, concentrations were affected by wind speed
(negatively), temperature (negatively), dew point
(positively), and relative humidity (negatively).
PM, ; was influenced by wind speed (negative-
ly), dew point (negatively) and relative humidity
(negatively). Ozone was affected by only tem-
perature (positively) and relative humidity (nega-
tively). In addition, wind speed, dew point, and
relative humidity were related to NO, negatively.
Temperature, dew point, and relative humidity
influenced SO, concentrations negatively, posi-
tively, and negatively, respectively. And finally,
CO were affected by wind speed (negatively),
temperature (positively), and dew point (nega-

tively), respectively.

The constant coefficient in the regression equa-
tion accounts for any other factors that are not in-
cluded in model. In case of our study, other factors
that are not included in the model are the sources
and sinks of air pollutants. The constant is the
basic concentration of the pollutant in ambient
air when the effects of meteorological variables

have been assumed to be zero. For PM._ _, the con-

2.5
stants in the first and last years were 56.83 and
67.69, meaning that the basic concentrations of
PM, . were 56.83 and 67.69 ug/m’, respectively.
This indicates that regardless of meteorological
variables that potentially can reduce or increase
air pollution concentrations, PM, ; concentrations
have been increased during the study period. The
same pattern can be observed for PM, . These
results show that the control policies for reduc-
tion of particulate matter have been not effective.
However, the basic concentrations of NO,, SO,,
O,, and CO have decreased during the study pe-
riod. In particular, SO,’s basic concentration has
increased from 64.88 to 14.16 pg/m?. This can be
due to the performed air pollution control action,
including the use of high-quality fuels in both
mobile and industrial sector, and reducing indus-
trial emissions of SO,.

Fig. 5 shows the average concentrations of PM, ,
PM, ,, O,, NO,, SO,, and CO based on the work-
ing day and vacation type. Except for O,, all of
the pollutants had higher concentrations in the
working days, comparing to those in any type of
vacation days. Concentrations of all pollutants
rather that SO, and O, in Nowruz vacations were
statistically lower than those in the working days
(P<0.05). PM, ; and PM  concentrations in Now-
ruz were even lower than those in Fridays and
formal vacations (P<0.05). In most cases, Fridays
and formal vacations have not affected the con-
centrations of pollutants in comparison to work-
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Table 4. Linear regression equations for the effects of meteorological parameters on air pollution in
Tehran during 2014-2018 *

Pollutant Linear regression equation Adj. R?
PM,
2014 -2015 PM;,=101.902 + (-2.899xWind speed) + (1.337xDew point)+ (-0.450xRH) 0.084
2015 -2016 PM)p=135.921 + (-3.716xWind speed) + (1.985xDew point)+ (-0.750xRH) 0.118
2016 -2017 PM = 133.731 + (-6.976xWind speed) + (1.056xDew point)+ (-0.582xRH) 0.147
2017-2018  PM,p=203.266+ (-5.319xWind speed) + (-2.394xTemperature) + (2.457xDew point) 0.154
+ (-1.632xRH)
Total PM;,=164.084+ (-4.807xWind speed) + (-1.165xTemperature) + (2.431xDew point) 0.107
+ (-1.123xRH)
PM; 5
2014 -2015 PM,5=56.833 + (-2.591xWind speed) + (-0.476xTemperature) + (0.756xDew point) 0.106
+ (-2.591xRH)
2015-2016 PM, s=38.579 + (-2.533xWind speed) 0.083
2016-2017 PM, 5=47.87 + (-4.075%xWind speed) + (-0.181xTemperature) 0.232
2017-2018 PM, 5= 67.693 + (-4.083xRH) + (-0.734xRH) + (-0.253xRH) 0.274
Total PM, s=46.543+ (-3.372xWind speed) + (-0.156xTemperature) + (-0.061xRH) 0.145
O;
2014 -2015 03 =40.955 + (1.485xWind speed) + (0.521xDew point) + (-0.438xRH) 0.593
2015-2016 03 =63.933 + (-0.998xWind speed) + (1.223xDew point) + (-0.738xRH) 0.548
2016-2017 03 =34.031 + (0.571xTemperature) + (0.664xDew point) + (-0.328xRH) 0.596
2017-2018 05 =13.860 + (0.807xWind speed) + (1.807xTemperature) 0.767
Total 0;=18.503+ (1.098xTemperature) + (-0.131xRH) 0.571
NOZ
2014 -2015 NO, = 128.184 + (-4.843xWind speed) + (-1.100xTemperature) + (0.548<xRH) 0.263
2015 -2016 NO, =78.191 + (-3.291xWind speed) + (-0.422xRH) 0.187
2016 -2017 NO, =105.516 + (-4.648xWind speed) + (-0.380xRH) 0.213
2017-2018 NO, = 87.121 + (-5.963xWind speed) + (0.474xTemperature)+ (-1.187xDew point) 0.247
Total NO, =94.624 + (-4.728xWind speed) + (-0.532xDew point) + (-0.279xRH) 0.150
SOZ
2014 -2015 SO, =64.882 + (0.837xDew point) + (-0.531xRH) 0.128
2015-2016 SO, =26.650 + (-0.915xWind speed) + (-0.194xTemperature) + (0.250xDew point) 0.185
+ (-0.103xRH)
2016-2017 SO, =30.718 + (-1.153xWind speed) + (-0.498xTemperature) + (0.326xDew point) 0.398
+ (-0.193xRH)
2017-2018 SO, = 14.165 + (-0.680xWind speed) + (-0.135xTemperature) + (-0.060xRH) 0.405
Total SO, = 38.849 + (-0.464xTemperature) + (0.688xDew point) + (-0.291xRH) 0.005
CO
2014 -2015 CO =5.460 + (-0.308xWind speed) + (-0.017xTemperature) + (-0.010xRH) 0.233
2015-2016 CO =5.291 + (-0.248xWind speed) + (-0.028xTemperature) + (-0.017xRH) 0.267

2016-2017 CO =5.477 + (-0.539xWind speed) + (0.034xTemperature) + (-0.070xDew point) 0.345
2017-2018 CO =3.557 + (-0.232xWind speed) + (0.029xTemperature) + (-0.049xDew point) 0.251
Total CO =4.493 + (-0.318xWind speed) + (0.014xTemperature) + (-0.044xDew point) 0.142

* RH: relative humidity; Adj. R% adjusted R2.
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ing days, except for ozone (formal vacation),
NO, (Friday), and PM , (Friday) (P<0.05). These
results are unique findings, and limited evidences
are available in this regard until now.

Conclusion

Concentrations of PM,, PM,,, O,, NO,, SO,,
and CO during a 4-year period in Tehran were in-
vestigated, and the effects of season, month, day
of week, and type of day (weekend, holiday and
workday) on the air pollution levels were evalu-
ated. The results showed that Tehran is affected
by high concentrations of most of these pollut-
ants. However, the annual trend for SO, was de-
creasing. Higher concentrations of PM,, and O,
were observed during summer. In case of PM,
and CO, autumn and winter concentrations were
higher than those in springer and summer. Lower

concentrations of PM, j and NO, and higher con-

centrations of ozone were observed in Fridays
(as weekends in Iran) comparing to other days of
week. In addition, except for O,, all of the pol-
lutants had higher concentrations in the working
days, comparing to those in any type of vacation
days. These results determines the time periods in
which the concentrations of criteria air pollutants
are high. This can be very useful for announcing
alarms for citizens, and designing the air pollu-
tion control plans. For instance, the exact reason
for higher concentrations of ozone during the
weekends can be investigated by future studies,
and lead to implement proper action plans. In ad-
dition, by controlling for the effects of meteoro-
logical variables, our results showed that the air
pollution control policies and actions have been
not effective for particulate matter. More effec-
tive actions should be designed and implemented
for reducing ambient levels of particulate matter.
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