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Meteorological parameters play a significant role in affecting ambient air quality
of an urban environment. As Dhaka, the capital city of Bangladesh, is one of the
air pollution hotspot among the megacities in the world, however the potential
meteorological influences on criteria air pollutants for this megacity are remained
less studied. The objectives of this research were to examine the relationships
between meteorological parameters such as daily mean temperature (°C), relative
humidity (%) and rainfall (mm) and, the concentration of criteria air pollutants
(SO,, CO, NOx, O,, PM, . and PM, ) from January, 2013 to December, 2017. This
study also focused on the trend analysis of the air pollutants concentration over
the period. Spearman correlation was applied to illustrate the relationships
between air pollutants concentration and temperature, relative humidity and
rainfall. Multiple linear and non-linear regressions were compared to explore
potential role of meteorological parameters on air pollutants’ concentrations.
Trend analysis resulted that concentration of SO, is increasing in the air of Dhaka
while others are decreasing. Most of the pollutants resulted negative correlation
with atmospheric temperature and relative humidity, however, they showed
variable response to seasonal variation of meteorological parameters. Regression
analysis resulted that both the multiple non-linear and linear model performed
similar for predicting concentrations of particulate matters but for gaseous
pollutants both model performances were poor. This research is expected to
contribute in improving the forecast accuracy of air pollution under variable
meteorological parameters considering seasonal fluctuations.
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Air pollution in urban area is a major and growing
environmental concern in developing countries that
poses a significant impact on global public health
such as cardiovascular and respiratory illness (Azad
and Kitada, 1998; Mayer, 1999; Cohen et al., 2017,
Manju et al. 2018; Orioli et al., 2018). Different
anthropogenic activities for instances, fossil fuel
combustion, i.e., natural gas, coal and oil to power
industrial processes, motor vehicles, brick kiln and
industrial operations are the primary sources of
pollutants that cause air quality deterioration (Begum
et al.,, 2008). In addition, rapid urban population
growth combined with changes in land uses due to
urban expansion is among the main driving forces of
urban air quality deterioration in developing countries
(Mayer, 1999). Consequently, the air quality of urban
areas, both indoor and outdoor, is deviating from
its standard condition. Thereby, large numbers of
urban residents are being exposed to this harmful air
pollutants and related health risks on a continuous
basis. According to WHO, about 98% of cities in low
and middle income countries do not satisfy air quality
guidelines and more than 80% people living in urban
areas are exposed to the air having pollutants level
over WHO standards (Manju et al., 2018). About 7
million deaths have been noted worldwide due to
air pollution in 2012; where 4.2 million deaths were
related to exposure to outdoor air pollution (WHO,
2014). Again, outdoor air pollution contributes to 3.3
million premature deaths worldwide per year and it is
predicted that this number will double by 2050 if the
problem is not addressed accordingly (Lelieveld et al.,
2015). Rapid industrialization and urbanization have
contributed to the major growth of population and
economic development in the urban areas around the
world (Begum et al., 2010; Krzyzanowski et al., 2014). It
is projected that population in the world will reach 9.3
billion by 2050 where major growth be taken placed
in urban areas (Gurjar et al., 2016). Bangladesh is no
exception of that as more than one-third of the total
population reside in urban areas and it is forecasted
to be increased as country’s half of population will be
migrated in urban areas by 2050 (Begum et al., 2018).
Among all cities in Bangladesh, Dhaka, is one of the 20
megacities in the world and ranked the first in terms of
population density (Islam et al., 2015). In Dhaka, there
have been eightfold increase in population since 1970

266

and it is likely to become third largest city by 2020 with
a total population approximately 20 million (Begum
et al., 2018). Currently having more than 18 million
inhabitants, Dhakais facing worst air pollution problems
among the megacities of the world and the quality
of ambient is deteriorating every day (Krzyzanowski
et al., 2014). Problems associated with air pollution
have been enhanced due to the increasing number
of automobiles and other anthropogenic activities
such as industrial operations, urban constructions
and adjacent brick kilns around the city (Begum et
al., 2008; Begum et al., 2018). In addition, population
density is one of the other reasons responsible for poor
air quality since there has a high influx of people from
rural areas. Meteorological parameters are one of the
important factors to influence the urban air quality
(Dey et al., 2017; Zhang et al., 2018; Manju et al.,
2018). Among them, temperature, relative humidity
and wind speed and direction are considered as major
factors because they may affect the dispersion process,
removal mechanisms and formation of atmospheric
particles (Goyal and Chalapati Rao, 2007; Zhang et al.,
2015), thus, play a significant role in controlling the
concentrations of air pollutants. In addition, rainfall
may also have variable impact on concentration
of air pollutants by removal of gaseous pollution
and deposition of particulate matters through the
atmospheric chemical processes (Fisher, 1982; Shukla
et al. 2008). Several studies have reported the potential
influence of meteorological parameters to ambient air
quality (Alpert et al., 1998; Giri et al., 2008; Galindo et
al., 2011; Owoade et al., 2012; Dominick et al., 2012;
Zhang et al., 2015; Islam et al., 2018). Bangladesh
is a country of subtropical monsoon climate with
seasonal variations of temperature, rainfall and
humidity. Air quality of the country is also varied with
seasonal variations (Islam et al., 2015). According
to national standards, the daily particulate matters
(PM,, and PM, ) exceed the optimum limit during
dry season, whereas it has been reported slightly
lower during monsoon. Meteorological influence has
been addressed widely in several studies in China (Li
et al., 2014; Zhang et al., 2015; Yin et al., 2016; He et
al., 2017) and India (Jayamurugan et al., 2013; Ojha et
al., 2015; Manju et al., 2018) but it is understudied in
Bangladesh although seasonal variations in relation
to meteorology may have variable effects on air
pollutants concentration. The objectives of this study
were to draw a systematic analysis to investigate



the relationships between the concentration of air
pollutantsi.e., Sulfur dioxide (SO, ), Carbon-mono-oxide
(CO), Nitrogen oxides (NOx), Ozone (0O,), PM, and
PM,, and meteorological parameters (temperature,
rainfall and relative humidity), analyze the seasonal
variations of the concentration of air pollutants’ and to
conduct a time series analysis of the concentration of
air pollutants in Dhaka city. This study has been carried

out in Dhaka City, Bangladesh in 2018.

Study area

Dhaka is located in the central part of the country
(23°41’N latitude and 90°22'E longitude) lying
on the lower reaches of Ganges Delta. It covers a
total area of 306.38 km?2 Dhaka is vulnerable to
flooding in heavy rainfall and a cyclone during rainy
season due to its topographical condition as it is
flat and close to sea level. The city is surrounded by
Gazipur, Tangail, Munsiganj, Narayanganj and Rajbari
districts. This study utilized continuous air quality

data from three Continuous Air Monitoring Stations
(CAMS) in Dhaka namely Parliament area (CAMS1),
Bangladesh Agricultural Research Council (BARC,
Farmgate Area, CAMS2) and Darus Salam (Mirpur,
CAMS3) established by DoE, MoEFCC, Governtment
of Bangladesh under the Clean Air and Sustainable
Environment (CASE) project. Fig. 1 shows the map of
study area with continuous air pollutants monitoring
stations installed in Dhaka city.

Data collection

Air quality data consisted of daily mean
concentration of six criteria air pollutants such as PM_ |
(ug/m?), PM, . (ug/m?), NO_(ug/m?), CO (ppm), O,
(ug/m?), and SO, (ug/m?®) over the period of January
2013 to December 2017 were collected from Clean
Air and Sustainable Development (CASE) project,
Ministry of Environment, Forest and Climate Change,
Government of Peoples Republic of Bangladesh. CASE
records concentrations of air pollutants of Dhaka
hourly from three continuous air monitoring stations
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indicated in Fig. 1. For measuring concentrations
of PM,, and PM  an automatic and real time
suspended particulate monitor (Beta Gauge 101M;
ENVIRONMENT SA, France) was installed in each three
stations. Chemiluminescence gas analyzer AC32M
and UV-Fluorescence AF22M (TELEDYENE/API, USA)
were used to monitor concentrations of NO_and SO,
respectively. For measuring O, an UV photometric
Ozone analyzer-42M and a Dispersive Infra-Red
carbon monoxide analyzer-12M (ENVIRONMENT
SA, France) was used to measure concentration of
CO from all three CAMS installed in Dhaka. The air
quality data generated at the monitoring stations are
centrally retrieved into Central Data Station at the
DoE Head Office using EnVIEW 2000 software and as
SQL database. Quality assurance and Quality control
is an essential part of the CASE air quality monitoring
system. CASE routinely performs calibration, servicing
and repair of instruments. Calibration of the analyzers
is performed using NIST traceable calibration gases
usually quarterly or after repair. Particulate monitors
based on beta gauge attenuation are calibrated using
standard foils of known areal mass density. While
processing the data were checked for outliers and
if 75 % of the data in a day were not available for
any parameter due power failure or equipment’s
nonoperational, values were considered as non-
representative and excluded from analysis. Missing
data were dealt with pair-wise deletion method
during the data exploration in XLSTAT. Meteorological
variables (Temperature, relative humidity and rainfall)
consisted of daily mean for the same time periods
were collected from Bangladesh Meteorological
Department (BMD).

Data analysis

At first, descriptive statistics were calculated
for both air pollutants and meteorological data.
Spearman correlation method was used to determine

significant correlation between the air pollutants and
meteorological data from January 2013 to December
2017. Mann Kendall (MK) trend test was used to
identify the patterns of air pollutants concentration
for the same time period. Seasonal differences
among the concentration of air pollutants across
the years were tested using Tukey’s HSD multiple
comparison at 5 % level of significance. After that,
Bartlett’s test was applied to investigate the seasonal
homogeneity of pollutants concentration across the
years. Based on significant homogeneity among the
seasonal temperature and relative humidity data
across the years, spearman correlation coefficient
was calculated to determine relationships between
the air pollutants and, temperature and relative
humidity. Due to heterogeneous nature of rainfall data
during monsoon season across the years (Bartlett’s
p-value = 0.000001), correlation between rainfall
and air pollutants was established across the years
separately. Seasonal classification in this research
was adopted from Azad et al. (1998) and Salam et al.
(2003) such as pre-monsoon (March-May), monsoon
(June-September), post-monsoon (October-
November) and winter (December-February). Finally,
multiple linear and non-linear (polynomial) models
were compared to investigate potential effects of
temperature and relative humidity on air pollutants’
concentration (non-linear model is shown in Eq. 1).
For regression analysis rainfall was discarded from
the models because of negligible influence on model
performances. Yin et al. (2016) also considered only
temperature and relative humidity as explanatory
variables to estimate daily particulate matter
concentration in Beijing, China.

Y =ﬂ0+ﬂ1X1+ﬂ2X2+ﬂ3X12+,34X22 (1)

Here, 3, is the model constant B, B, B, and 3, are
the model parameters, Y is the dependent variables

Table 1. Summary statistic of criteria air pollutants based on daily mean and meteorological parameters during January 2013 to
December 2017 in Dhaka city

L S0, co NOx 03 PM,s PMio . . .
Statistic (ug/m’)  (ppm)  (ug/m’)  (ug/m®)  (ug/m’)  (ug/m?) Temp R RF
Minimum  0.4454  0.29 3.95 0.36 7.07 15.52 10.4 34 0
Maximum  236.114 7.488 594.48  92.78 307.44 617.85 34.4 97 149
Median 16.113  1.82  93.29 10.99 56.07 105.3 27.6 73 0
Mean 23635 1.999 12653  14.70 80.81 144397  26.33 72 513
SD 24003 097  98.24 11.03 61.96 103.11 4.11 11 143
SE 0.5634 0.027  2.41 0.268 1.46 2.45 010 026 0.33

*Temp= Temperature (°C), RH= Relative humidity (%), RF= Rainfall (mm)
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(pollutants) and X, and X, are the independent
variables (temperature and relative humidity
respectively). Lilliefors test was applied to normality
test of the air pollutants and meteorological
parameters. All statistical analysis was performed by
using statistical software R (version 3.4.4) and XLSTAT
(version 14).

Descriptive statistics

Table (1) shows the summary statistics of air
pollutants’ data during January 2013 to December
2017 in Dhaka city. Overall, the mean concentration
of SO,, CO, NOx, 0,, PM,, and PM,, ranged from
0.4454 to 236.1144 pg/m3, 0. 2977 to 7.4883
ppm, 3.9537 to 594.4875 ug/m?3, 0.36 to 92.78 ug/
m3, 7.07 to 307.44 pg/m?3, 15.52 to 617.85 ug/m?
respectively from 2013 to 2017. On the other hand,
meteorological parameters i.e., temperature and
relative humidity ranged from 10.4 to 34.4°C and 34
to 97 % respectively.

Trends of concentrations of air pollutants and
meteorological variables during 2013 to 2017

Overall trends of all six criteria air pollutants
concentration and meteorological parameters
considered for this study (temperature, rainfall and
relative humidity) from January 2013 to December
2017 in Dhaka is illustrated in Fig. 2. A fluctuating
trend is evident throughout the study period
for all air pollutants concentration as well as in
meteorological parameters (Fig. 2). To investigate
the trends (increasing or decreasing) of air pollutants
concentration change over time Mann-Kendall (MK)
trend test was applied in this study. Moreover, to
emphasize the results from the MK test, homogeneity
test was also used. Table 2 shows the overall results
from the MK trend test.

Since null hypothesis of MK test was there was no
trend of air pollutants’ concentration over the study
period and the computed p-values were lower than
the significance level alpha= 0.05, the study rejected
the H_ and accepted the alternative hypothesis.
Except SO,, the risk to reject the H_while it was true
was lower than 0.01% for other pollutants. From the
Table 2, it was clear that, all the variables showed a
trend over the period. Among the pollutants, all five
pollutants concentration showed a decreasing trend;
in contrast, SO, had an increasing trend over the

period. The illustration of the MK test is displayed in
Fig. 3.

Comparison of regression models

This research compared between multiple linear
regression and nonlinear regression to determine
potential effects of meteorological parameters on air
pollutants concentration. Coefficient of determination
(R?) was calculated for models to examine the
performances. Table (3) presents the comparison of
the two models where multiple non-linear regression
(MNLR) models performed better than the linear
model. In both cases, variations in CO concentration
was least explained by temperature, rainfall and
humidity (R? = 0.15 and 0.20 respectively) whereas,
variations in concentration of PM, explained best
by the meteorological parameters (R? = 0.72 and
0.73 respectively). Yin et al. (2016) also reported
better performance of MNLR models in explaining
concentration PM,_ in relation to meteorological
parameters in China. Both MLR and MLNR resulted
similar R* value for PM_  (R* = 0.63) while considering
all three meteorological parameters as independent
variable in the model. However, no model performed
well for O,. On the other hand, NOx exhibits better
relation with the meteorological parameters than
SO,. Overall, R? values ranges from 0.15 to 0.72 for
MLR and 0.19 to 0.73 for MNLR (Table 3), similarly,
Wise and Comrie, (2005) reported coefficients of
determination values 0.1 to 0.5 while modeling
effects of meteorological values on particulate
matters in air in US.

Seasonal variations of air pollutants concentrations
The variation in air pollutants concentrations
based on Tukey’s multiple comparison tests among
different seasons across the years are illustrated in
Fig. 4. According to the Tukey’s multiple comparison
tests there were no significant differences among
the seasonal concentrations of SO,, CO and NOx
across the years. However, seasonal fluctuations
among the pollutants were evident. Although the
differences were not statistically significant, the
minimum concentration of all air pollutants was
observed during the monsoon season and maximum
during winter. The maximum concentration of 0, was
observed during winter season in 2013 and it was
significantly higher than the winter concentrations of
2014 and 2016. While considering seasonal variations
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Table 2. MK trend test with 5% level of significance

SO

NOx

Statistic CO (ppm Os(ug/m? PMa2s(ug/m®)  PMio(ug/m?
(ng/m?) (ppm) (g/m?) (ng/m?) (ng/m?) (ng/m?)
Tau Value 0.0417 -0.0821 -0.1169 -0.2594 -0.1049 -0.0899
Sen’s slope 0.002 -0.2658 -0.0296 -0.0082 -0.0159 -0.023
p-value 0.0145 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Test interpretation Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho
497 % 405 % 50 % 50 % 404 % 25 —
mean = 23,8 %g :
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Fig. 2. Trends of air pollutants concentration and meteorological parameters from January 2013 to December 2017 in Dhaka
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Table 3. Comparison of the results of multiple linear regression and non-linear regression model

Pollutants MLR R? MLNR R?
SO, Y = 115.56-2.39X:-0.4X> 0.2223  Y=44.7+2.4X:-0.2X2-0.09X:%-0.002X>? 0.32
co Y = 5130-72.98X:-16.78X: 0.1494 Y =3302+67.5X1-7.5X2-2.9X:?-0.09X,? 0.19
NOx Y =564.65-11.16X:-2.001X>  0.3233 Y =-33.8+28.9X:+2.3X>-0.8X;?-0.03X>? 0.37
(o} Y= 42.31+ 0.02X:-0.4X 0.1717 Y =52.7+1.4X1-1.2X>-0.03X:%+0.005X>’ 0.19

PM2s Y =499.4-11.006X:-1.8X> 0.7027
PMio Y =818.2-15.476X:-3.696X.  0.6167

Y = 451.8-19.1X:+2.5X,+0.2X:%-0.03X,7 0.72
Y = 499.8-7.8X:+3.3X2>-0.15X?-0.05X2 0.63

Here, Y= the concentration of pollutants, X1 = Temperature

in case of particulate matters it is clearly evident that,
mean concentration of PM, . was significantly higher
during the winter compared to monsoon seasons
for all the years (Fig. 4). Maximum concentration
of PM,. was observed during the winter of 2014

and X2 = Relative humidity

compared to all other years. There was increase of
fine particulate matter concentrations during post-
monsoon every year. Though differences are minute
but pre-monsoon concentrations of PM, _ across the
years were lower than winter season but higher than
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Table 4. Summary of season wise Spearman correlation coefficient (r) values between air pollutants and meteorological parameters

(Values in bold are different from 0 with a significance level alpha=0.05)

MP*

Season

Air pollutants

SO, co NOx [} PMys PM1o
Pre-Monsoon -0.3175 -0.0795 -0.5088 -0.0361 -0.1718 -0.7104
Temp* Monsoon -0.0256 -0.1238 -0.0061 0.1318 0.0751 0.3549
Post-Monsoon -0.5526 -0.3152 -0.4908 -0.2677 -0.5621 -0.5201
Winter 0.1309 -0.0324 -0.0654 0.0877 -0.3868 -0.1149
Pre-Monsoon -0.3063 -0.4732 -0.3108 -0.2163 -0.6834 -0.1718
RH* Monsoon 0.0194 0.1442 -0.0208 -0.1348 -0.0005 -0.2660
Post-Monsoon -0.2183 -0.1532 -0.4570 -0.1917 -0.5264 -0.7065
Winter -0.1050 0.1914 -0.002 -0.3748 0.1811 -0.0253

*MP= Meteorological parameters, Temp= Temperature, RH= Relative humidity
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monsoon. Similarly, winter concentrations of PM,,
were significantly higher in 2014, 2016 and 2017 than
monsoon. Although differences were not significant,
PM_, concentrations during monsoon in 2013 and
2015 were lower than winter (Fig. 4). The reasons
for the seasonal fluctuations of the pollutants are
not only caused by seasonal variations but also
meteorological variable (Manju et al., 2018). Brick kiln
industries around the city are fully operational during
winter. Moreover, urban construction activities,
vehicular exhaust during dry winter and road dusts
may contribute to higher concentration of pollutants.
On the other hand, the wet deposition of particles
is less significant than monsoon season (Azad et al.,
1998; Islam et al., 2003).
Relationship between seasonal variations of
meteorological parameters and air pollutants
concentration

Relationship between seasonal variations of the
concentrations of air pollutants with temperature and
relative humidity was determined by using spearman
correlation analysis with 5% significant level. Table
5 shows the correlations coefficients values. Fig.
5 represents graphical presentation of correlation

between air pollutants concentration and seasonal
temperature during pre-monsoon (March-May),
monsoon (June-September), post-monsoon (October-
November) and winter (December-February) while
Fig. 6 shows graphical presentation of correlation
between air pollutants concentration and seasonal
relative humidity during pre-monsoon (March-May),
monsoon (June-September), post-monsoon (October-
November) and winter (December-February).

From Table 4 it is evident that, PM, had strong
negative correlation (r = -0.7104) with atmospheric
temperature during pre-monsoon (March-May) and
moderate negative correlation during post-monsoon
(October-November). Similar observations were
reported by Elminir (2005) and Giri et al. (2008). They
argued that particulate matters made of mainly soil
or road dusts absorbs water vapors from atmosphere
and thereby deposits to the ground easily. Significant
negative correlation between PM and temperature
during pre-monsoon and monsoon indicate denser
PM in the air may reduce atmospheric temperature
as a result of net negative radiative forcing (Islam
et al, 2015). However, there was a moderate
positive correlation (r = 0.35) between atmospheric
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September) c) post-monsoon (October-November) and d) winter (December-February)
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temperature and PM,, concentration during the
monsoon season (June-September) (Table 4 and Fig.
6). Likewise, in case of fine particulate matter (PM, ),
there were moderate correlations with atmospheric
temperature (Table 4) during pre-monsoon, post-
monsoon and winter but no relationship during
monsoon (r = 0.07) (Fig. 6). Although this study
reveals concentration of PM, . and PM, decreases
to their minimum during monsoon season compared
to others season of the year (Fig. 4), however, we
found a positive correlation between atmospheric
temperature and coarse particulate matter (PM_)
during monsoon (Table 4 and Fig. 5). This positive
correlation between atmospheric temperature and
coarse particulate matter (PM,) during monsoon
can be explained by climatic characteristics of
monsoon season and interactions of these with air
particulate matters. Monsoon season of Bangladesh
is characterized by heavy rainfall, southern or south-
western wind and high temperature (Salam et al.,
2003; Begum et al., 2006). Due to rainfall in this
season particulate matter in the air may deposit in
the ground, however, it is possible to increase their
concentration by drying up as a result of high summer
temperature after rain. Again, high wind speed may
also have combined effects with the temperature in
this season. Tai et al. (2010) also reported positive
correlation between fine particulate matters and
temperature in US.  Among other pollutants, SO,
resulted a positive correlation (r = 0.1309) with
temperature in winter (Table 4).

In case of relative humidity, most of the air
pollutants  concentration resulted negative
correlation with relative humidity among the seasons
(Table 4). Specifically, the concentration of coarse
particulate matter PM_ resulted negative correlation
during pre-monsoon, monsoon and post-monsoon (r
-0.17,-0.26, -0.706 respectively) whereas, minimal
or no correlation during winter (r = -0.02). For fine
particulate matter PM, . a positive correlation was
resulted with relative humidity during winter season
(r =0.18) (negative in all other seasons, see Table 4
and Fig. 6). Because, relative humidity influences the
particle movement and it can settle down particulate
matters on the ground. Therefore, with increase of
relative humidity the concentration of air pollutants
become lower (Giri et al., 2008). Likewise, our study
found, in most cases, there were negative correlation
with the concentration of particulate matters and
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relative humidity. However, a positive correlation
between fine particulate matters (PM,.) with the
humidity during winter implies that absence of rainfall
during winter water vapors in the air may facilitates
ventilation effects of PM, .. Moreover, Islam et al.
(2015) suggested that, north-western wind during
winter may transports more particulate matters from
brick kilns located in that direction in Dhaka city.
Again, most of the construction activities are carried
out in winter due to favorable weather condition.
While temperature was positively correlated with O,
during the monsoon, but correlation between relative
humidity and O, was negative across the seasons.
Monsoon season in Bangladesh is characterized
by high summer temperature also and the high
temperature catalyzed complex chemical reactions
in the atmosphere (Jacob and Winner, 2009; Han
et al. 2011), thus, it my increase the concentration
of O3 during summer monsoon season in Dhaka. In
this research, the negative correlation between O,
and relative humidity coincides with the studies of
Swamy et al. (2012), Kumar et al. (2014) and Manju et
al. (2018). Similarly, CO resulted positive correlation
during monsoon and winter (r = 0.1403 and 0.1914
respectively) with relative humidity. Ojha et al.
(2015) reported that CO and O, concentration during
summer monsoon is higher than other season. Zang
et al. (2015) also reported similar results in China
and argued that wind direction significantly affects
concentration of CO and O, in the air. According to
Islam et al. (2015), wind from south-western direction
blows over Bangladesh and Ojha et al. (2015) claimed
that, these air pollutants could be transported from
African region over Indian subcontinent by monsoon
wind from south-western direction. During winter it
is possible to emit more CO in the air from vehicular
sources and thus, it shows positive correlation with
humidity.

Fig. 7 illustrates the correlation between the
pollutants’ concentration and seasonal rainfall across
the years. In case of rainfall data, winter season was
not considered due to no or minimal rainfall (see
Fig. 2). In 2013, 2014 and 2015 it showed significant
negative correlation with rainfall and pollutants for
pre-monsoon and post-monsoon season. However,
in 2016 and 2017, it also shows negative but weak
correlation comparatively for these two seasons.
Among the pollutants, PM,  and PM,  shows the
highest response (in terms of negative correlation)



with rainfall across the years. In 2015, the correlation
coefficient values of PM, and PM, . with rainfall were
the same (r= -0.26). Like 2013, it shows a better
correlation for PM, _ and PM_ in 2015. However, the
rest of the years for monsoon season did not show
any significant correlation for other pollutants.

The study revealed that air quality of Dhaka city
is highly polluted. However, concentrations of criteria
air pollutants in Dhaka are slowly decreasing while
SO, concentration is increasing. Despite presence of
other air pollutants, PM, . and PM, showed negative
relationship with temperature and relative humidity.
While relationships of PM and temperature in all other
seasons are negative, this research resulted positive
relationship during monsoon season implied that high
temperature with higher humidity during this season
contribute to suspension of PM. However, among
the seasons, concentrations of air pollutants were
higher during winter season indicating dry air with
lower humidity aggregates higher pollutants in urban
environment. Current research used only temperature,
relative humidity and rainfall as meteorological
parameters to establish the relationships but effects
of wind speed, wind direction and solar radiations on
pollutants behaviors are well documented and thus,
future research should include these variables to
address the issue more efficiently.

Air pollution and meteorological data were
provided by the Clean Air and Sustainable
Development (CASE) project of Department of
Environment, Ministry of Environment, Forest and
Climate Change of the Government of Bangladesh
and Bangladesh Meteorological Department (BMD)
respectively. The authors sincerely acknowledge
the assistance of CASE and BMD. We acknowledge
efforts of two anonymous reviewers and are grateful
to them for their suggestions to improve the quality
of the manuscript. We thank to Mrs. Sabera Nasreen,
Senior Scientific Officer, CASE for her assistance.

The author declares that there is no conflict of
interests regarding the publication of this manuscript.
In addition, the ethical issues, including plagiarism,

informed consent, misconduct, data fabrication and/
or falsification, double publication and/or submission,
and redundancies have been completely observed by
the authors.

% Percent

ug/m? Microgram per cubic meter

BARC Bangla.desh Agricultural Research
Council

BMD Bangladesh Meteorological Department

CAMS Continuous Air Monitoring Stations

CASE Cler?\n Air and Sustainable Development
Project

co Carbon monoxide

E East

h Hour

b Null hypothesis

km? Kilometer square

MK Mann-Kendall

MLR Multiple linear regressions

mm Millimetre

MNLR Multiple non-linear regression

N North

NIST National Institute of Standards and
Technology

NOx Oxides of nitrogen

0, Ozone

°C Degree Celsius

PM Particulate matter

ppm Parts per million

R? Coefficient of determination

RF Rainfall

RH Relative humidity

SO, Sulphur dioxide

WHO World Health Organization

Alpert, P.; Kaufman, Y.J.; Shay-El, Y.; Tanré, D.; DaSilva, A.S.;
Schubert, S.; Joseph J.H., (1998). Quantification of dust-forced
heating of the lower Troposphere. Nature. 395: 367-370 (4
pages).

Azad, A.K.; Kitada, T., (1998). Characteristics of the air


https://m.tau.ac.il/~pinhas/papers/1998/Alpert_et_al_NATURE_1998.pdf
https://m.tau.ac.il/~pinhas/papers/1998/Alpert_et_al_NATURE_1998.pdf
https://m.tau.ac.il/~pinhas/papers/1998/Alpert_et_al_NATURE_1998.pdf
https://m.tau.ac.il/~pinhas/papers/1998/Alpert_et_al_NATURE_1998.pdf
http://cleanairasia.org/node1881/

pollution in the city of Dhaka, Bangladesh in winter. Atmos.
Environ., 32(11): 1991-2005 (15 pages).

Begum, B.A.; Hopke, P.K., (2018). Ambient air quality in Dhaka
Bangladesh over two decades: Impacts of policy on air
quality. Aerosol Air Qual. Res., 18: 1910-1920 (11 pages).

Begum, B.A.; Biswas, S.K.; Hopke, P.K., (2008). Assessment of
trends and present ambient concentrations of PM,, and PM
in Dhaka, Bangladesh. Air quality. Atmos Health., 1: 125-133
(9 pages).

Begum, B.A.; Biswas, S.K.; Nasiruddin, M., (2010). Trend and
spatial distribution of air particulate matter pollution in Dhaka
City. J. Bang. Acad. Sci., 34 (1): 33-48 (16 pages).

Begum, B.A.; Biswas, S.K.; Hopke, P.K.; Cohen, D.D., (2006).
Multi-element Analysis and Characterization of Atmospheric
Particulate Pollution in Dhaka. Aerosol Air Qual. Res. 6: 334-
359 (26 Pages).

Cohen, A.J.; Brauer, M.; Burnett, R.; Anderson, H.R.; Frostad, J.;
Estep, K.; Feigin, V., (2017). Estimates and 25-year trends of the
global burden of disease attributable to ambient air pollution:
an analysis of data from the global burden of diseases study
2015. Lancet., 389 (10082): 1907-1918 (12 pages).

Dominick, D.; Juahir, H.; Latif, M.T.; Zain, S.M.; Aris, A.Z., (2012).
Spatial assessment of air quality patterns in Malaysia using
multivariate analysis. Atmos. Environ., 60: 172-181 (10 pages).

Elminir, H.K., (2005). Dependence of urban air pollutants on
meteorology. Sci Total Environ., 350 (1-3): 225-237 (13 pages).

Fisher, B.E.A., (1982).The transport and removal of sulfur dioxide
in a rain system. Atmos. Environ., 16 775-783 (9 pages).

Galindo, N.; Yubero, E.; Nicolas, J. F.; Crespo, J.; Soler, R., (2016).
Chemical characterization of PM, at a regional background site
in the western Mediterranean. Aerosol Air Qual. Res., 16: 530-
541 (12 pages).

Giri, D.; Murthy, V.K.; Adhikary, P.R., (2008). The Influence
of Meteorological Conditions on PM,  Concentrations in
Kathmandu Valley. Int. J. Environ. Res., 2(1): 49-60 (12 pages).

Goyal, S.K.; Rao, C.C., (2007). Assessment of atmospheric
assimilation potential for industrial development in an urban
environment: Kochi (India). Sci Total Environ., 376 (1-3): 27-39
(13 pages).

Gurjar, B.R.; Ravindra, K.; Nagpure, A. S., (2016). Air pollution
trends over Indian megacities and their local-to-global
implications. Atmos. Environ., 142: 475-495 (21 pages).

Han, S.; Bian, H.; Feng, Y.; Liu, A.; Li, X.; Zeng, F.; Zhang, X.,
(2011). Analysis of the Relationship between 03, NO and NO2
in Tianjin, China. Aerosol Air Qual. Res., 11(2), 128-139 (12
pages).

He, J.; Gong, S.; Yu, Y,; Yu, L.; Wu, L.; Mao, H.; Li, R., (2017). Air
pollution characteristics and their relation to meteorological
conditions during 2014-2015 in major Chinese cities. Environ.
Pollut., 223: 484-496 (13 pages).

Islam, M. M.; Afrin, S.; Ahmed, T.; Ali, M.A., (2015). Meteorological
and seasonal influences in ambient air quality parameters of
Dhaka city. J. Civ. Eng., 43(1): 67-77 (11 pages).

Jacob, D. J., Winner, D. A. (2009). Effect of climate change on air

277

quality. Atmos. environ. 43(1), 51-63 (13 pages).

Jayamurugan, R.; Kumaravel, B.; Palanivelraja, S.; Chockalingam,
M. P.; (2013). Influence of temperature, relative humidity and
seasonal variability on ambient air quality in a coastal urban
area. Int. J. Atmos. Sci., Article ID 264046 (8 pages).

Krzyzanowski, M.; Apte, J.S.; Bonjour, S.P.; Brauer, M.; Cohen,
A.J).; Priss-Ustun, A.M., (2014). Air pollution in the mega-
cities. Curr Envir Health Rpt., 1:185-191 (7 pages).

Kumar, A., Singh, B.P., Punia, M., Singh, D., Kumar, K., Jain, V.K.,
(2014). Determination of volatile organic compounds and
associated health risk assessment in residential homes and
hostels within an academic institute, New Delhi. Indoor Air
24:474-483 (10 pages).

Lelieveld, J.; Evans, J. S.; Fnais, M.; Giannadaki, D.; Pozzer, A.,
(2015). The Contribution of Outdoor Air Pollution Sources to
Premature Mortality on a Global Scale. Nature 525 (7569).
nature.com: 367-371 (5 pages).

Li, L.; Qian, J.; Ou, C.; Q.; Zhou, Y.X.; Guo, C.; Guo, Y., (2014).
Spatial and temporal analysis of Air Pollution Index and its
timescale-dependent relationship with meteorological factors
in Guangzhou, China, 2001-2011. Environ. Pollut., 190: 75-81
(7 pages).

Manju, A.; Kalaiselvi, K.; Dhananjayan, V.; Palanivel, M.;
Banupriya, G. S.; Vidhya, M.H.; Ravichandran, B., (2018).
Spatio-seasonal variation in ambient air pollutants and
influence of meteorological factors in Coimbatore, Southern
India. Air Qual. Atmos. Health., 11(10): 1179-1189 (11 pages).

Mayer, H.; (1999). Air pollution in cities. Atmos. Environ., 33(24-
25): 4029-4037 (9 pages).

Ojha, N.; Pozzer, A.; Rauthe-Schéch, A.; Baker, A.; Yoon, J.;
Brenninkmeijer, C.; Lelieveld, J., (2015). Ozone and carbon
monoxide over India during the summer monsoon: regional
emissions and transport. Atmos. Chem. Phys., 16: 3013-3032
(20 pages).

Orioli, R.; Cremona, G.; Ciancarella, L.; Solimini, A. G., (2018).
Association between PM,, PM, , NO,, O, and self-reported
diabetes in Italy: A cross-sectional, ecological study. PLoS One.,
13(1): e0191112.

Owoade, O. K.; Olise, F. S.; Ogundele, LT.; Fawole, 0.G;
Olaniyi, H.B., (2012). Correlation between particulate matter
concentrations and meteorological parameters at a site in lle-
Ife, Nigeria. Ife J. Sci., 14(1): 83-93 (11 pages).

Salam, A.; Bauer, H.; Kassin, K.; Ullah, S.M.; Puxbaum, H., (2003).
Aerosol Chemical Characteristics of a Mega-city in Southeast
Asia (Dhaka, Bangladesh). Atmos. Environ., 37: 2517-2528 (12
pages).

Shukla, J. B.; Misra, A. K.; Sundar, S.; Naresh, R. (2008). Effect
of rain on removal of a gaseous pollutant and two different
particulate matters from the atmosphere of a city. Math.
Comput. Model., 48(5-6), 832-844 (13 pages).

Swamy, Y. V., Venkanna, R., Nikhil, G. N., Chitanya, D. N. S. K.,
Sinha, P. R., Ramakrishna, M., Rao, A. G. (2012). Impact of
nitrogen oxides, volatile organic compounds and black carbon
on atmospheric ozone levels at a semi-arid urban site in


http://cleanairasia.org/node1881/
http://cleanairasia.org/node1881/
http://www.aaqr.org/files/article/6671/31_AAQR-17-11-2017AAC-0465_1910-1920.pdf
http://www.aaqr.org/files/article/6671/31_AAQR-17-11-2017AAC-0465_1910-1920.pdf
http://www.aaqr.org/files/article/6671/31_AAQR-17-11-2017AAC-0465_1910-1920.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11869-008-0018-7.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11869-008-0018-7.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11869-008-0018-7.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11869-008-0018-7.pdf
https://www.banglajol.info/index.php/JBAS/article/view/5490/4300
https://www.banglajol.info/index.php/JBAS/article/view/5490/4300
https://www.banglajol.info/index.php/JBAS/article/view/5490/4300
http://aerosol.ieexa.cas.cn/aaqrkw/kwlwqj/201207/W020120720570854526859.pdf
http://aerosol.ieexa.cas.cn/aaqrkw/kwlwqj/201207/W020120720570854526859.pdf
http://aerosol.ieexa.cas.cn/aaqrkw/kwlwqj/201207/W020120720570854526859.pdf
http://aerosol.ieexa.cas.cn/aaqrkw/kwlwqj/201207/W020120720570854526859.pdf
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30505-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30505-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30505-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30505-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30505-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30505-6/fulltext
https://www.sciencedirect.com/science/article/pii/S1352231012005729
https://www.sciencedirect.com/science/article/pii/S1352231012005729
https://www.sciencedirect.com/science/article/pii/S1352231012005729
https://www.sciencedirect.com/science/article/pii/S0048969705000732
https://www.sciencedirect.com/science/article/pii/S0048969705000732
https://www.sciencedirect.com/science/article/pii/000469818290395X
https://www.sciencedirect.com/science/article/pii/000469818290395X
http://aaqr.org/files/article/295/6_AAQR-15-05-SIMtS-0302_530-541.pdf
http://aaqr.org/files/article/295/6_AAQR-15-05-SIMtS-0302_530-541.pdf
http://aaqr.org/files/article/295/6_AAQR-15-05-SIMtS-0302_530-541.pdf
http://aaqr.org/files/article/295/6_AAQR-15-05-SIMtS-0302_530-541.pdf
https://ijer.ut.ac.ir/article_175_587b65b2030dfb227982d4f2a4aed190.pdf
https://ijer.ut.ac.ir/article_175_587b65b2030dfb227982d4f2a4aed190.pdf
https://ijer.ut.ac.ir/article_175_587b65b2030dfb227982d4f2a4aed190.pdf
https://www.sciencedirect.com/science/article/pii/S0048969707000447
https://www.sciencedirect.com/science/article/pii/S0048969707000447
https://www.sciencedirect.com/science/article/pii/S0048969707000447
https://www.sciencedirect.com/science/article/pii/S0048969707000447
https://www.sciencedirect.com/science/article/pii/S1352231016304630
https://www.sciencedirect.com/science/article/pii/S1352231016304630
https://www.sciencedirect.com/science/article/pii/S1352231016304630
http://aaqr.org/files/article/1089/4_AAQR-10-07-OA-0055_128-139.pdf
http://aaqr.org/files/article/1089/4_AAQR-10-07-OA-0055_128-139.pdf
http://aaqr.org/files/article/1089/4_AAQR-10-07-OA-0055_128-139.pdf
http://aaqr.org/files/article/1089/4_AAQR-10-07-OA-0055_128-139.pdf
https://www.sciencedirect.com/science/article/pii/S0269749116309721
https://www.sciencedirect.com/science/article/pii/S0269749116309721
https://www.sciencedirect.com/science/article/pii/S0269749116309721
https://www.sciencedirect.com/science/article/pii/S0269749116309721
https://www.researchgate.net/publication/323286961_
https://www.researchgate.net/publication/323286961_
https://www.researchgate.net/publication/323286961_
https://www-sciencedirect-com/science/article/pii/S1352231008008571
https://www-sciencedirect-com/science/article/pii/S1352231008008571
https://www.hindawi.com/journals/ijas/2013/264046/
https://www.hindawi.com/journals/ijas/2013/264046/
https://www.hindawi.com/journals/ijas/2013/264046/
https://www.hindawi.com/journals/ijas/2013/264046/
http://gahp.net/wp-content/uploads/2017/10/Air-Pollution-in-the-Mega-Cities.pdf
http://gahp.net/wp-content/uploads/2017/10/Air-Pollution-in-the-Mega-Cities.pdf
http://gahp.net/wp-content/uploads/2017/10/Air-Pollution-in-the-Mega-Cities.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24438189
https://www.ncbi.nlm.nih.gov/pubmed/24438189
https://www.ncbi.nlm.nih.gov/pubmed/24438189
https://www.ncbi.nlm.nih.gov/pubmed/24438189
https://www.ncbi.nlm.nih.gov/pubmed/24438189
https://www.nature.com/articles/nature15371
https://www.nature.com/articles/nature15371
https://www.nature.com/articles/nature15371
https://www.nature.com/articles/nature15371
https://www.sciencedirect.com/science/article/pii/S0269749114001110?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749114001110?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749114001110?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749114001110?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749114001110?via%3Dihub
https://link.springer.com/content/pdf/10.1007%2Fs11869-018-0617-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11869-018-0617-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11869-018-0617-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11869-018-0617-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11869-018-0617-x.pdf
https://www.sciencedirect.com/science/article/pii/S1352231099001442
https://www.sciencedirect.com/science/article/pii/S1352231099001442
https://www.atmos-chem-phys.net/16/3013/2016/acp-16-3013-2016.pdf
https://www.atmos-chem-phys.net/16/3013/2016/acp-16-3013-2016.pdf
https://www.atmos-chem-phys.net/16/3013/2016/acp-16-3013-2016.pdf
https://www.atmos-chem-phys.net/16/3013/2016/acp-16-3013-2016.pdf
https://www.atmos-chem-phys.net/16/3013/2016/acp-16-3013-2016.pdf
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0191112&type=printable
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0191112&type=printable
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0191112&type=printable
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0191112&type=printable
https://www.ajol.info/index.php/ijs/article/view/131321/120916
https://www.ajol.info/index.php/ijs/article/view/131321/120916
https://www.ajol.info/index.php/ijs/article/view/131321/120916
https://www.ajol.info/index.php/ijs/article/view/131321/120916
https://www.sciencedirect.com/science/article/pii/S1352231003001353
https://www.sciencedirect.com/science/article/pii/S1352231003001353
https://www.sciencedirect.com/science/article/pii/S1352231003001353
https://www.sciencedirect.com/science/article/pii/S1352231003001353
https://www-sciencedirect-com/science/article/pii/S0895717707003640
https://www-sciencedirect-com/science/article/pii/S0895717707003640
https://www-sciencedirect-com/science/article/pii/S0895717707003640
https://www-sciencedirect-com/science/article/pii/S0895717707003640
http://aerosol.ieecas.cn/aaqrkw/kwlwqj/201208/W020120801534696467122.pdf
http://aerosol.ieecas.cn/aaqrkw/kwlwqj/201208/W020120801534696467122.pdf
http://aerosol.ieecas.cn/aaqrkw/kwlwqj/201208/W020120801534696467122.pdf
http://aerosol.ieecas.cn/aaqrkw/kwlwqj/201208/W020120801534696467122.pdf

Hyderabad. Aerosol Air Qual. Res., 12(4), 662-671 (10 pages).
Tai, A.P.K.; Loretta, J.M.; Jacob, D.J., (2010). Correlations between
fine particulate matter (PM2.5) and meteorological variables
in the United States: Implications for the sensitivity of PM2.5
to climate change. Atmos. Environ. 44: 3976-3984 (9 pages).
WHO, (2014). Burden of Disease from Ambient Air Pollution for
2012 (3 pages).
Wise, E.K., Comrie, A.C., (2005). Meteorologically adjusted urban

air quality trends in the southwestern United States. Atmos.
Environ., 39 (16): 2969-2980 (12 pages).

Yin, Q., Wang, J.; Hu, M.; Wong, H., (2016). Estimation of daily
PM , , concentration and its relationship with meteorological
conditions in Beijing. J. Environ. Sci., 48: 161-168 (8 pages).

Zhang, H.; Wang, Y.; Hu, J.; Ying, Q.; Hu, X.M., (2015). Relationships
between meteorological parameters and criteria air pollutants in
three megacities in China. Environ. Res., 140: 242-254 (13 pages).

AUTHOR (S) BIOSKETCHES

Kayes, 1., M.Sc., Lecturer, Department of Environmental Science and Disaster Management, Faculty of Science, Noakhali Science and
Technology University, Noakhali-3814, Bangladesh. Email: ikayes1@lakeheadu.ca

Shahriar, S.A., B.Sc., Department of Environmental Science and Disaster Management, Faculty of Science, Noakhali Science and
Technology University, Noakhali-3814, Bangladesh. Email: shihab0212@gmail.com

Hasan, K., B.Sc., Department of Environmental Science and Disaster Management, Faculty of Science, Noakhali Science and Technology
University, Noakhali-3814, Bangladesh. Email: kamrulh9560@gmail.com

Akhter, M., B.Sc., Department of Environmental Science and Disaster Management, Faculty of Science, Noakhali Science and
Technology University, Noakhali-3814, Bangladesh. Email: munia14090@gmail.com

Kabir, M.M., M.Sc., Lecturer, Department of Environmental Science and Disaster Management, Faculty of Science, Noakhali Science
and Technology University, Noakhali-3814, Bangladesh. Email: mahbubkabir556 @gmail.com

Salam, M.A., Ph.D., Assistant Professor, Department of Environmental Science and Disaster Management, Faculty of Science, Noakhali
Science and Technology University, Noakhali-3814, Bangladesh. Email: s_salam1978@yahoo.com

COPYRIGHTS

License (http://creativecommons.org/licenses/by/4.0/).

Copyright for this article is retained by the author(s), with publication rights granted to the GIESM Journal.
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution

HOW TO CITE THIS ARTICLE

5(3): 265-278.

DOI: 10.22034/gjesm.2019.03.01
url: https://www.gjesm.net/article_34908.html

Kayes, I.; Shahriar, S.A.; Hasan, K.; Akhter, M.; Kabir, M.M.; Salam, M.A., (2019). The relationships between
meteorological parameters and air pollutants in an urban environment. Global J. Environ. Sci. Manage.,

278


mailto:ikayes1@lakeheadu.ca
mailto:shihab0212@gmail.com
mailto:kamrul9560@gmail.com
mailto:munia14090@gmail.com
file:///C:\Users\ja_karimi\Downloads\mahbubkabir556@gmail.com
file:///C:\Users\ja_karimi\Downloads\s_salam@yahoo.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://aerosol.ieecas.cn/aaqrkw/kwlwqj/201208/W020120801534696467122.pdf
http://acmg.seas.harvard.edu/publications/2010/Tai_2010.pdf
http://acmg.seas.harvard.edu/publications/2010/Tai_2010.pdf
http://acmg.seas.harvard.edu/publications/2010/Tai_2010.pdf
http://acmg.seas.harvard.edu/publications/2010/Tai_2010.pdf
https://www.who.int/airpollution/data/AAP_BoD_results_March2014.pdf?ua=1
https://www.who.int/airpollution/data/AAP_BoD_results_March2014.pdf?ua=1
https://www.sciencedirect.com/science/article/pii/S135223100500097X
https://www.sciencedirect.com/science/article/pii/S135223100500097X
https://www.sciencedirect.com/science/article/pii/S135223100500097X
https://www.sciencedirect.com/science/article/pii/S1001074216301371
https://www.sciencedirect.com/science/article/pii/S1001074216301371
https://www.sciencedirect.com/science/article/pii/S1001074216301371
https://www.sciencedirect.com/science/article/pii/S0013935115001218
https://www.sciencedirect.com/science/article/pii/S0013935115001218
https://www.sciencedirect.com/science/article/pii/S0013935115001218

	The relationships between meteorological parameters and air pollutants in an urban environment 
	Abstract
	Keywords
	INTRODUCTION
	MATERIALS AND METHODS 
	Study area 
	Data collection 
	Data analysis 

	RESULTS AND DISCUSSION 
	Descriptive statistics 
	Trends of concentrations of air pollutants and meteorological variables during 2013 to 2017 
	Comparison of regression models 
	Seasonal variations of air pollutants concentrations 
	Relationship between seasonal variations of meteorological parameters and air pollutants concentrati

	CONCLUSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST 
	ABBREVIATIONS
	REFERENCES


