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Revised 1 May 2020 is a major concern in health-related studies. Therefore, the aim of this study
Accepted 25 May 2020 was to investigate the amount of exposure to particulate matter below 2.5 p
Published 29 June 2020 (PM, ) in the metropolis of Tehran.
Materials and methods: The hourly concentrations of PM, ; during 2017-
Keywords: 2018 period were acquired from the Department of Environment (DOE) and
Air pollution; Isfahan city; Meteo- Air Quality Control Company of Tehran (AQCC). The hourly concentrations
rological parameters; PM, were validated and 24-h concentrations were calculated. Inverse distance
weighting (IDW), Universal Kriging, and Ordinary Kriging were used to spa-
tially model the PM, _ over Tehran metropolis area. Root Mean Square Error
(RMSE) and Mean Error (ME) were used to measure and control for the ac-
curacy of the methods.
CORRESPONDING AUTHOR: Results: The results of this study showed that RMSE and MENA values in
farzadfanaei37@gmail.com Kriging method was less than the IDW, which indicates that the Kriging was
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Fax: (+98 21) 88622707 the best method to estimate PM, . concentrations. According to the final map,

the highest annual concentrations of PM, , were observed in the southern and
southwestern areas of Tehran (districts 10, 15, 16, 17, and 18). The lowest
exposure to PM, ; was found to be in districts 1, 2, 3, 6, and 8.

Conclusion: It can be concluded that Kriging method can predict spatial vari-
ations of PM, , more accurately than IDW method.

Introduction able risk factor, especially in developing coun-
The modern life has affected by air pollution [1].  tries [2]. Air pollution is not limited to the village,
Exposure to outdoor air pollution and its adverse  city or country, but is an important environmental

health impacts have become the most consider-  issue that affects the whole world [3]. Research
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by the World Health Organization (WHO) has
shown that half the people of the world live some-
where that the concentrations of air pollutants is
higher than the standard level [4]. Depending on
the pollutant type, level, exposure type, and time
of exposure, adverse effects resulting from expo-
sure to ambient air pollution are categorized as
acute and chronic outcomes [5]. so air pollution
is one of the global problems that wherever we
live in earth, air pollution is existing high or low
[6]. So it can be said that there is no clean air
[7]D1F84610A0}. In addition to the heavy costs
that air pollution on governments impose, those
include a variety of diseases ranging from asthma
to stroke and eventually death [8]. According to
the report by the World Bank in 2005 on the mor-
tality rate and the resulting costs published, total
death from air pollution in Iran is approximately
0.57% of GDP There are also about 45,000 mor-
tality annually from air pollution diseases in Iran
will be recorded [4, 9]. Major air pollutants in-
clude CO, HCHO, NO,, SO,, O, and suspended
particles [10]. However, particles with aerody-
namic diameter smaller than 2.5 um (PM, ) is
execute the most role in air pollution [11]. PM,
particles with their strength and influence go
deep into the lungs and cause respiratory disor-
ders [12, 13]. Particles cause an effects on me-
teorological parameter including impact on the
amount of solarization and ultimately change the
Earth’s surface temperatures and reduce visibil-
ity [12]. Concentrations of these particles can be
vary alternation that depending on geographical
location, weather conditions and period of time
[14]. Isfahan as one of the biggest cities of Iran
has faced severe ambient air pollution because
of unsustainable development, densely vehicular

traffic, and lack of ambient air quality standards

along with high daily consumptions of fossil fu-
els and associated emissions [15].

Numerous studies have been performed on in-
fluence of particle concentration on the me-
teorological parameters [16]. In study at Tehran
(2017-2018), was reviewed influence of chang-
ing meteorological parameters on the ambient
fine particulate matter. It was found that there is
a weak correlation between PM, , particles and
mean monthly temperature (r=0.42, P<0.05) and
mean relative humidity (r=0.37, P<0.05) [17]. In
another study at Turkey, it was found a negative
effect of meteorological parameters (tempera-
ture, precipitation and pressure) on PM, , particle
concentrations [18]. In Malaysia too, the concen-
tration of particles with wind speed and relative
humidity has shown a negative effect [19]. In
another study at Austria showed that the high-
est concentration of particles was in winter [20].
In the other hand in his article showed that the
relative humidity and precipitation are negative
correlation, and temperature and wind speed are
positive correlation to the concentration of par-
ticles in the air [21]. Thus, the current research
was carried out with the following aims: 1) inves-
tigating the seasonal variations PM, ; in ambient
air of Isfahan, Iran; and ii) investigate the effect
of meteorological parameters including tempera-
ture, relative humidity, pressure, ultraviolet rate,
precipitation, UV and Wind speed on the concen-
tration of PM, , in the ambient air of Isfahan from
March 2019 to March 2020.

Material and methods

Location and time

Isfahan city with a population of more than two
million is the capital of Isfahan Province in Iran

and it is one of the largest and the most beautiful

http://japh.tums.ac.ir
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cities in the world. Isfahan with an area of 543
km?, one of the most important industrial cities
in central Iran. Isfahan is located between longi-
tude 59°39°E and latitude 32°38’N with a height
of 1570 m above sea level. Fig. 1 shows the map
of the study area and air quality monitoring sta-
tions. Because of the connection between this
cities with the provinces of the country, it faces
a large volume of pollutants daily. This reason
causes an intensification air pollution from the
most important source of its formation, namely
moving vehicles [22]. On the other hand, due to
the proximity of industries such as petrochemi-
cals and large and small factories to city can ex-
pectation that peoples of this city in daily expo-

sure to concentrations of particles, and this affair,
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Isfahan is convert in to one of the polluted cities
of the country. Although there are sporadic stud-
ies on the concentration of particulate matter in
this city, but there is not exist integrated data that
can be based on organizational policies in order

to advancement control of air pollution changed.

PM, ; sampling

For the intention of sampling particles PM, , from
a peripheral pump (SKC) and a Personal Modular
Impactor (PMI) holder was used (Fig. 2a). PMI,
single-stage impactor designed for highly effi-
cient collection of PM, , at 3 L/min, includes im-
pactor and filter cassette with support screen; re-
quires collection media and impaction substrate,
which are purchased separately The PMI closely

Fig.1. The map of study area and monitoring stations
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follows PM, , as defined by EPA.The PTFE filter
(Zephon) with a diameter of 1 mm were selected
according to the type of holder. For as much as
purpose is to measurement PM, ; particles, there-
fore, the filter diameter used was selected one mi-
cron. Sampling time was selected based on guide-
line EPA-TO/13 A 24 h and flow rate samples
according to the type of filter used and guideline
of maker company on the 3 L/min adjustment
(Fig. 2b). Because if the flow rate above this val-
ue enter the holder filter, due to Create turbulence
in space internal impactor, PM, , particles do not
fit properly on the filter. Accordingly, before each
time sampling the pump used was calibrated by a
rotameter. And also, to achieve better results for
city planning, sampling was performed for one
year (spring-summer- autumn and winter seasons
from March 2019 to March 2020).

Meteorological data
In during the period of sampling, meteorological
parameter including temperature (° C), relative

humidity (%), pressure (mmHg), UV, precipita-

tion (mm) and wind speed (m/s) was also record-
ed using a portable PHB-318 device. Information
as to cloud coverage, UV and dew points obtained
it from Isfahan Department of Environmental (af-
filiated to Isfahan Municipality). At the end of
the sampling (24 h), again these parameters were
measured, and afterwards, the obtained data im-

ported into Excel and they were processed.

Statistical analysis

After calculating the PM, . concentrations by
gravimetric method and calculate the average
meteorological parameters in four seasons, SPSS
software was used to obtain the correlation co-
efficient and correlation between meteorological
data. At this step the normality of data was iden-
tified by KALMOGAROV-Smiranov, and to the
reason of normality of data, spearman correlation
coefficient method was used for correlation anal-
ysis. Boxplot diagram of PM, . concentrations
was drawn by R. On the other hand, for zoning

PMZ5 concentrations GIS was used.

(a)

(b)

Fig. 2. a: Sampling pilot, b: Sampling filter after 24 h
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Results and discussion

Concentrations of PM,

The minimum, and maximum and the annual
mean concentration of PM, , was recorded 6.94
(in summer), 114.24 (in winter) and 47.32 pg/
m?, respectively. The annual mean concentra-
tions of PM, , is approximately 4.7 times greater
than the WHO guideline (10 pg/m?) and 3.9 times
greater than the US-EPA Standards (12 pg/m?),
respectively. These values in other researchers
studies, were 6 and 7 times higher than the WHO
guideline, respectively [23, 24]. Fig. 3 shows a
boxplot diagram concentration of PM, , season-
ally sampled points. As shown in this figure, the
highest mean concentration of PM, , was found in
winter (64.06 ng/m?) and the lowest is in summer
(31.32 pg/m?). In the study conducted at Tehran
(2017-2018), maximum PM, , concentration oc-
curred in October [25]. Also, another study, the
maximum concentration for Tehran in winter was
estimated [26]. In another study in Tehran by
the maximum particle concentration in summer
was reported [27]. In 2019 - 2020 the residents
of Isfahan city about 279 days (75% days of the
year) were exposed to the daily mean concentra-
tion of PM, ; greater than the WHO guideline (25

ug/m?). The distribution of PM, . concentrations
in the 19 monitoring stations drown by GIS soft-
ware is shown in Fig. 4. As shown in Fig. 4, the
highest concentration of PM, ; were related to the
northern, northeast, Southwest and central areas
of the city. The reason for the high concentration
of PM, ;in these areas can be expressed as fol-
lows: 1) In the northern part of the city, due to the
highway and the near to the intercity bus termi-
nal; i1) In the southeast and central regions due to
the high density

of population and the existence of large com-
mercial and administrative complexes and finally
high traffic in these areas; iv) In the eastern re-
gions, due to the beltway and the high transit of
diesel vehicles.

Meteorological parameters

In Fig. 5 Variation of average temperature, rela-
tive humidity, pressure, ultraviolet radiation, pre-
cipitation, and wind speed in four seasons dur-
ing year 2019-2020 is brought. The average of
annual temperature (°c), humidity (%), pressure
(mmHg), UV radiation, precipitation (mm) and
wind speed are 23.37, 21.38, 632.7,4.69, 6, 125.2
and 12.8, respectively.

d j
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Concentration of PMzs (ug/m?)
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Spring Summer

|
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I T
Winter Average

Fig. 3. Average seasonal concentrations of PM, , in ambient air of the study area (2019-2020)
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Table 1 shows the relationship between the mean
annual of PM,  concentrations with the meteo-
rological parameters. As you can see in Table
1, a positive relationship between mean annual
PM, . concentrations with temperature (r = 0.37,
P<0.017), relative humidity (r = 0.39, P <0.05),
pressure (r = 0.219, P <0.05) in period of study
at Isfahan was observed. In addition, a negative
relationship between UV radiation (r = -0.34, P
<0.41), wind speed rate (r=-0.412, P <0.018) and
precipitation (r=-0.27, P<0.214) was observed in
Isfahan at 2019-2020.

As you can see in Table 1, PM, , particles had
a negative relationship with precipitation, wind
speed and UV radiation. On the other hand, the
relative humidity, air temperature, dew point and
pressure had a positive relationship on the PM, |
concentration. In a similar study at Tehran [17]
China [21] urban Mediterranean area [28], Teh-
ran (2006-2015), Beijing [29] also a positive rela-

tionship were reported between temperature and

concentration of PM, .. However, in a one-year
study a negative relationship between these pa-
rameters [30]. Also, in a study in Italy

showed that air temperature had a positive effect
on air particle concentrations [31]. Also, a study
showed that PM, , concentration was positively
correlation with air temperature in four seasons
[32]. The case of air humidity and concentration
of PM

sistent with those reported by other researchers

, s» the results of our study were also in con-
[17]. The results of this study were corresponded
with the other studies [33]. In addition, there was
a negative relationship between the amount of pre-
cipitation and the presence of scattered clouds in
the sky and their relationship with the concentra-
tion of PM, , particles in our study. In some stud-
ies, it was also founded a negative relationship
between this parameter and the concentration of
particles in their study [17]. Scottn Williams states
that precipitation decreases in winter when the

PM, | concentration reaches its maximum which

Lagard
X Manitoring Stations

A\'rrqgr Coancentration of
PMos (ug/m’)

B 23,38 - 35,92
3592 -38.92
[138.92 - 40.83
[l40.83 -42.72
[142.72 - 44.65
[ 44.65 - 47.65
[147.65-51.20
[ 51.20 - 55.29

I-ss.zu -62.83

Bl 62.83 - 92.95

12

15
— T

Fig. 4. Distribution of average annual concentration of PM, ;in monitoring of stations (20192020-)
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indicates a weak or negative correlation between
these two parameters [34]. In other study, it was
reached to this conclusion that PM, ; concentra-
tions was negatively correlated with precipitation
(r=-0.19 P<0.5) [35]. Based on contents said a
negative relationship between PM, ; concentration
and ultraviolet radiation was observed in Isfahan
during 2019-2020. (r= -0.34, P<0.41). Barnard
in his study showed that air pollution can dimin-
ish the increase of ultraviolet levels [36]. On the
other hand, in a study that was done on ultravio-
let there is a negative correlation between PM, |
and ultraviolet radiation [37]. Statistical analysis
also showed a negative relationship between wind
speed and concentration of PM,  particles in this
study which is similar to the other study which was
done by many researchers. Correlation analysis in
the present study showed that there was a positive
relationship between air pressure (mmHg) and
PM, ; concentrations during the period of study
(r=0.219, P<0.05). On cold days of the year air
pressure has increased as a result, it increases the
concentration of the particles. Other studies also

came to this conclusion [38].

Conclusion

The current research was designed to associa-
tion between meteorological parameter and PM,
concentration in Isfahan at March 2019 to March
2020. The results of the study showed that the

residents of Isfahan are exposed to PM, ; on aver-

age 4-5 times higher than the guidelines of WHO.
Subsequently it was found that temperature, rela-
tive humidity and pressure increased the concen-
tration of PM, , and the rate of precipitation, wind
speed, and UV reduces the concentration of them.
The results from this research recommends that
suitable controlling policies should be regulated
to reduce both ambient air PM, ; and its adverse

health endpoints in in Isfahan.
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Table 1. Bivariate correlations between PM, . with meteorological parameter in Isfahan from 2019-2020

Temperature Wind Speed Precipitation Reality humidity Pressure Ultra Violet
R 0.37 -0.412 -0.219 0.39 0.27 -0.34
Pyaiue 0.017 0.018 0.214 0.05 0.214 0.41
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Fig. 5. Average monthly pressure, temperature, relative humidity, wind speed, Ultra Violet , precipitation , in Isfahan city (2019-2020)
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