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RESUMEN

La contaminacion atmosférica se ha perfilado como un desastre en paises en desarrollo como Pakistan. El
objetivo el presente estudio fue observar y analizar el estado de la calidad del aire en las ciudades paquis-
tanies gemelas de Rawalpindi e Islamabad, cuya poblacion combinada es de 15 millones de habitantes. Se
midieron las concentraciones de los principales contaminantes junto con las de CO; en cinco sitios dentro de
esas ciudades. El muestreo se realizo durante 24 h en cada sitio, utilizando un laboratorio moévil para medir
la calidad del aire. Se encontraron concentraciones totales de SO,, NOy y O3 dentro de los limites permitidos
de acuerdo con los estandares de la Agencia de Proteccion Ambiental de EUA y los Estandares Nacionales de
Calidad Ambiental de Pakistan. Las concentraciones mas altas de PM se observaron en Saddar, Rawalpindi
(184 pg m>), en tanto que los valores minimos se obtuvieron en la Zona Azul de Islamabad (121 pg m™).
Durante el periodo de estudio, las concentraciones de CO, permanecieron altas en casi todos los sitios, con un
valor maximo de 409 ppm. En la Zona Azul y la Universidad Nacional de Ciencia y Tecnologia de Islamabad
se observaron concentraciones de CO, de hasta 385.3 y 246 ppm, respectivamente. También se estudio el
comportamiento de los contaminantes con diferentes pardmetros meteoroldgicos. Para identificar las fuentes
se utilizaron trayectorias inversas generadas con el modelo HYSPLIT.

ABSTRACT

Atmospheric pollution has emerged as a disaster in developing countries like Pakistan. The aim of this study
was to observe and analyze the air quality status of the twin cities of Pakistan, Rawalpindi and Islamabad, with
a combined population of 15 million. The concentration of criteria pollutants along with CO, was measured
at five different locations within these cities. Sampling was done for 24 h at each location using a mobile air
quality monitoring lab. The overall concentrations of SO,, NOx and O3 were found to be within the permis-
sible limits of the US-EPA standards and the National Environmental Quality Standards of Pakistan, with
higher PMy and CO,; concentrations at most locations. The highest concentrations of PM;o were observed
at Saddar, Rawalpindi (184 pg m>), while minimum values were observed at the Blue Area of Islamabad
(121 pg m™>). The concentration of CO, during the study period was found to be high in almost all locations,
with Saddar, Rawalpindi, indicating the highest value (409 ppm). The concentrations of CO, at the Blue Area
and the National University of Science and Technology of Islamabad were observed to be as high as 385.3
and 246 ppm, respectively. The behavior of pollutants with different meteorological parameters was also
studied. For source identification, backward air trajectories were also generated using the HYSPLIT model.

Keywords: PM, ozone, twin cities, air quality, urban air pollution.
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1. Introduction

Clean air is necessary for healthy living, consequently
a decline in the quality of air implies heavy threats
to both environment and human health (Ali and
Athar, 2008; Desauziers, 2004). Nowadays, major
cities around the globe are facing problems with
deteriorating air quality (Ali and Athar, 2008), which
has serious impacts on human health, ecosystem
and economy (Ilyas et al. 2009). Industrialization,
unplanned urbanization, and massive volumes of
traffic are major contributors to air pollution in both
developing and developed nations.

Pollutants mainly responsible for such negative
impacts include particulate matter (PM), CO, SO,,
NOy and O3 (Hopke et al., 2008; Ali and Athar, 2008).
Exposure to air pollution has proven to be the origin of
severe human diseases, particularly in highly polluted
areas. Many studies have reported these negative ef-
fects, which range from minor to major diseases such
as asthma, leukemia, lung cancer, stroke, premature
births, death, etc. (Laden et al., 2000; Jonsson et al.,
2004; Calderén-Garcidueiias et al., 2003; Wilhelm
and Ritz, 2003; Preutthipan et al., 2004). Additionally,
black carbon or “soot” that results from incomplete
combustion of biomass and fossil fuels has been rec-
ognized as a substantial contributor to climate change
(Seinfeld and Pandis, 1998; Shahid et al., 2014). Ac-
cording to a World Health Organization report (WHO,
2009), air pollution is responsible for more than two
million premature deaths every year, and developing
countries are more vulnerable to these impacts, since
half of this disease burden is reported in their respec-
tive populations (Krzyzanowski, 2008).

The Asian region has undergone a huge economic
development over the last decade with rapid urban-
ization, extensive energy use and industrialization.
Due to this growth, air pollution has emerged as a
public health hazard and has inflicted damage to the
environment in the region (Kim et al., 2006; Gurjar
et al., 2010; Hopke et al., 2008). Pakistan is among
the countries seriously affected by air pollution. It has
fast population growth, along with rapid urbanization,
industrial pollution and increasing traffic loads, which
are reported to be major contributors to air pollution
(Pak-EPA, 2005; Ministry of Finance, 2011-2012;
Colbeck et al., 2010) According to a World Bank
report, more than 22 600 deaths per year are caused
by impacts of air pollution at the national level

(Hopke et al., 2008; Tanveer et al., 2015). Dust and
smoke in Pakistan are generally twice the world aver-
age and typically five times higher than levels in the
developed countries. Therefore it is important to study
the air quality of different cities on a continuous basis,
in order to evaluate their likely impacts on environment
and human health, and most importantly, to establish a
baseline that will highlight possible sources and iden-
tify mitigation and abatement measures accordingly
(Krzyzanowski, 2008; Lenschow et al., 2001).

Bulbul et al. (2017) reported the morphology
and concentrations of PM in Islamabad during the
winter fog period. Shahid et al. (2015a, b) reported
the sectorial contribution of aerosol in Pakistan and
Usman-Alvi etal. (2017) reported traffic and industry
related exposure to air quality in an industrialized
city. Khokhar et al. (2016) studied the temporal
variability of aerosol during winter while Zeb et
al. (2018) reported the morphology of PM in urban
environments of Pakistan. Awais et al. (2018) stud-
ied the optical properties of aerosols using remote
sensing over the twin cities of Pakistan. Based on
the previous studies and available information, in this
study we assessed the status of air quality of Rawal-
pindi and Islamabad, where five major air pollutants
were studied, i.e. PM;y, SO, NO,, O3 and CO, The
concentrations of these pollutants were measured
in different locations within the above-mentioned
cities and then compared with the standards of the
National Environmental Quality Standards (NEQS)
of Pakistan and the United States Environmental
Protection Agency (US-EPA) (Table I).

Table I. Meteorological parameters at the study site.

Date Temperature Average wind ~ Wind
(°C) direction  speed (m s )
4/Mar/2014 14 NNE 8.5
5/Mar/2014 16 NNW 9.5
6/Mar/2014 15.5 NW 9.5
7/Mar/2014 15 NE, NW 6
8/Mar/2014 17 WSW, NE 7
9/Mar/2014 15.5 NE 14

2. Materials and methods

2.1 Site description

Islamabad (33.7294° N, 73.0931° E) is the federal cap-
ital of Pakistan, adjacent to Rawalpindi (33.5984° N,
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73.0441° E). They are commonly referred as twin
cities and are often considered as a single unit. The
Rawalpindi-Islamabad metropolitan area is consid-
ered the third largest in Pakistan, with a population
over 15 million. Both cities are located approxi-
mately 500-540 masl. Rawalpindi-Islamabad lay
in a semi-arid zone with hot summers followed by
monsoons and cold winters. The twin cities have
with five seasons: winter (November-February),
spring (March-April), summer (May-June), rainy
monsoon (July-August) and autumn (Septem-
ber-October).

2.2 Monitoring and sampling

The concentration of major air pollutants was mea-
sured at selected locations within the twin cities with
sampling conducted by a mobile air quality monitor-
ing equipped with the latest instruments capable of
measuring major criteria pollutants within a given
location and time, including onboard analyzers for
NOy, SOy, O3, CO, and PM (in compliance with
the US-EPA standard 40 CFR -53). A total of five
locations were selected based on their situation and
nearby areas. Two sites in Rawalpindi and two sites
in Islamabad were chosen along with the Islamabad
international airport (Fig. 1). All parameters were
monitored continually for 24 h at every location.
Hourly means were also calculated to have a clear
picture of pollutant concentrations at different hours
within the sampling time.
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Fig. 1. Study area with the selected sites.

3. Results and discussion

Concentrations of ambient air pollutants (PM;o, SO,,
NO,, CO; and O3) were measured at five locations
in Rawalpindi-Islamabad from March 4-9, 2014.
Table I shows the meteorological conditions in which
the measurements were conducted. The sampling was
done for 24 h at each site. The concentrations of four
pollutants, namely PM;y, SO,, NO2, and O3, were
measured in micrograms per cubic meter while CO,
levels were expressed in parts per million (ppm).
The concentrations of measured pollutants were also
compared with NEQS and US-EPA standards for
ambient air pollutants (Table IT). Overall, concentra-
tions of most pollutants were found to be within the
permissible range of the above-mentioned standards,
except for PMj( in some locations.

Table II. Limits of air pollutant concentrations according
to PAK- and US-EPA.

Parameter =~ PAK-EPA US-EPA Average
(ugm?®)  (ugm?)  time (h)
O3 130 235 1
CO 5000 10300 8
SO, 120 365 24
NO, 80 110 24
PMj 150 150 24

3.1 Particulate matter (PM)

PM is a mix of liquid droplets and solid particles
suspended in the air. In recent years, scientists have
been focusing on the identification of PM sources and
understanding the atmospheric chemical processes
that lead to its transport and removal. PM contains
major components that comprise a large proportion
of the total particle mass, and trace elements that are
usually less than 1 % of the total particle mass. Ac-
cording to previous studies, elemental/black carbon,
organic matter, nitrate, sulphate, and ammonium are
the main PM contributors.

PM,, was monitored at selected locations within
the twin cities as shown in Figure 1. The highest
values for PM;o, were observed in Saddar, Rawal-
pindi (184 pg m~), while the minimum values were
observed at the Blue Area of Islamabad (121 pg m ).
PM,o values observed at the National Universi-
ty of Science and Technology (NUST) and the



74 1. Shahid et al.

Islamabad airport were found to be 142 and 135 pgm,
respectively. These results are shown in Figure 2.
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Fig. 2. Average PM,( concentrations with standard de-
viation (Mean + SD) at the NUST, Blue Area, Faizabad,
Saddar and Airport sites.

In this study, the sites in Rawalpindi (Faizabad and
Saddar) showed the highest values. Both locations
are congested areas with high traffic flow throughout
the day. The Faizabad site is a junction between the
twin cities and is one of their busiest roads. It is an
entrance point for Rawalpindi and Islamabad from
different cites as well as from nearby rural areas. It
also serves as a gateway toward the northern region
of the country, as traffic coming from Karachi, La-
hore, Faisalabad and other big cities passes through
this interchange. Moreover, the dense traffic of this
site includes heavy trucks and other vehicles. The
emissions from vehicular exhaust triggers higher
atmospheric levels of pollutants, especially emis-
sions from vehicles driven on diesel. The industrial
area of Islamabad (I-9, I-10) is also located near the
Faizabad interchange. Emissions from industrial
facilities also drive PM into the ambient air of
the area. The adjacent rural area, which includes
Sowan and other villages, has undergone rapid ur-
banization during the last couple of years and is still
undergoing expansion. Construction activities have
become a source of dust and particulate pollution.
These small villages and rural areas do not have the
facility of natural gas; in fact, they depend on wood
for cooking purposes. Wood stoves and biomass
burning in the surrounding villages also contribute
to PM pollution.

Location 4, Saddar, showed the highest PM con-
centrations among all the studied areas. It is one of
the busiest areas in the twin cities. The area itself is
popular for shopping malls, hotels, restaurants and
hospitals. For this reason, roads around the area are
always full of traffic, which particularly includes a
large quantity of two-stroke vehicles, which account
for higher PM pollution rates. Another important
driving factor for the elevated PM values is the dust
from a construction site for the subway and bus sta-
tion. Heavy traffic and intense construction activities
took place during the study period, which may have
been the contributing factor for PM pollution.

Hourly average PM, concentrations were also
calculated in order to analyze hourly variations of
the pollutant, as shown in Figure 3.

Overall PM;, concentrations at all locations
showed elevated values between 8:00 LT and 10:00 LT,
lapse in which many people travel from different re-
gions to their offices and schools. High values of PM
were also observed between 15:00-18:00 LT, when
people return home from offices and schools. Another
factor that contributed to high PM concentrations at
this time was heavy traffic arriving to the twin cities,
since the city administration and the capital’s traffic
police allowed heavy traffic into the area around
17:00 LT. Possible sources of PM at this location
include emissions from traffic, industries (I-9, I-10),
windblown dust and biomass burning. The levels of
the PM in the road dust were highly dependent on
traffic volume and atmospheric spreading from traffic
rotaries. Additional factors that affect PM concentra-
tion include vehicle speed, frequency of brake use
and industrial emissions levels in the areas. Cemented
highways usually had higher pollution levels than
asphalt highways.

3.2 Sulphur dioxide
SO, concentrations were observed at five locations
within the twin cities. The overall concentration of SO,
was found to be within the limits of NEQS and US-
EPA standards. Location 3 (Faizabad) showed higher
values as compared to the other sites (40.4 pg m™).
SO, concentrations at other locations (Saddar, Air-
port, Blue Area and NUST) were 28.9, 27.1, and 22,
22.4 ug m™, respectively, as shown in Figure 4.
Areas within Islamabad comparatively showed
lower SO, concentrations. This might be due to less
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Site 3: Faizabad, Rawalpindi
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Fig. 3. Hourly trends of PM;, concentrations (ug m ™) at Faizabad and Saddar.
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Fig. 4. SO, concentrations with standard deviation (mean
+ SD) at NUST, Blue Area, Faizabad, Saddar and Airport
sites.

traffic loads and pollution within the city. Hourly
average SO, values were also calculated, which
shows variations at different timings and is presented
in Figure 5.

The NO, concentrations were found to be within
the permissible limits of NEQS and US-EPA. Con-
centrations within the twin cities were found to be

within the range of 29.6 to 36.3 pg m™ as shown in
Figure 6.

The highest concentration was observed at loca-
tion 5 (Benazir Bhutto International Airport) while
the minimum was observed at Faizabad, Islamabad.

The values of NO, were also observed on an
hourly basis and are shown in Figure 7. Higher values
are reported in most locations around 9:00-11:00 LT
in the morning and 15:00-18:00 LT in the evening.
The influx of heavy traffic was observed on the road
at these intervals, in which the higher values indicate
that emissions from traffic are the main source for
NO; pollution.

3.4 Ozone

An O3 monitor (APOA-370, Horiba) with detection
limit of 0.5 ppb and range of 0-1 ppm was used to
determine O3 concentrations in ambient air. This
monitor works on the principle of UV photometry.
The overall concentration of O3 was found to be
within the permissible limits of NEQs and USEPA.
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Fig. 6. NO; concentrations with standard deviation (mean
+ SD) at the NUST, Blue Area, Faizabad, Saddar and
Airport sites.

Among the monitored sites, NUST, Benazir inter-
national airport and Faizabad showed peak values
as compared to others (26.1, 24.3 and 20.9 ug m >,
respectively as shown in Figure 8.

Concentrations of Oj at other sites were compar-
atively lower. The O3 concentration at Saddar was
18.3 ug m~>, while the Blue Area of Islamabad had
the lowest values among all other sites (13.1 pg m™).

Previous studies in Islamabad and nearby areas
also reported that in most parts of the twin cities the
O3 concentrations are within the permissible limits.
Only a few research articles highlighted the seasonal
variations of O3, and reported higher values during
the summer. The hourly behavior of Oz has also been
studied, showing the same pattern as other pollutants,
i.e., higher values between 8:00-11:00 LT and 15:00-
18:00 LT, as shown in Figure 9.

3.5 Carbon dioxide

Ambient CO, was also monitored at the five different
locations within the twin cities. CO, is one of the main
greenhouse gases (GHGs) responsible for climate
change. Hence, it is especially important to monitor
its status in the ambient air quality.

The CO; concentration during the study period
was found to be higher in almost all locations. The
Saddar, Rawalpindi area, showed the highest val-
ue (409 ppm), as shown in Figure 10. This is due
to heavier traffic on congested roads, given that
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Fig. 8. Ozone concentrations with standard deviation
(mean + SD) at the NUST, Blue Area, Faizabad, Saddar
and Airport sites.

vehicular emissions are probably the main source of
CO,, followed by the Westridge industrial area, which
also drives its concentrations. CO, concentrations at
the Blue Area of Islamabad and NUST were found
to be 385.3 and 246.0 ppm, respectively. Elevated
values in the Blue Area are attributable to traffic
emissions, since many people visit this vicinity in

office hours due to the availability of many local and
international offices.

Concentrations of CO, at the Faizabad and Airport
sites have values 0f 375.9 and 368.8 ppm, respective-
ly. Overall, CO, concentrations seem to be high in all
the sites. Hourly average concentrations showed that,
throughout the day, CO? concentrations remained
high, as shown in Figure 11.

3.6 Meteorological conditions

Different meteorological parameters were also
observed during the study periods, which include
humidity, temperature, average wind direction and
wind speed. To find out the probable source of dif-
ferent measured pollutants, backward air trajectories
were generated using the Hybrid-Single Particle
Lagrangian Integrated Trajectory (HY SPLIT) model,
generated by the US National Oceanic and Atmo-
spheric Administration’s (NOAA) Air Resources
Laboratory (ARL) website. Archives from the Global
Data Assimilation System (GDAS) of the National
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CO, (ppm) and northwest were important source areas for tra-
ﬁg- 4093457 5 jectories that reached Islamabad (Fig. 12).
400 - sas 31464 Wind roses were also plotted using the NOAA
.3145. . . .
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Fig. 10. CO;, concentrations with standard deviation
(mean + SD) at the NUST, Blue Area, Faizabad, Saddar
and Airport sites.

Center for Environmental Prediction/National Center
for Atmospheric Research (NCEP/NCAR) was used
to generate the backward trajectories, which were
calculated for a different heights, i.e., 500, 1000,
and 1500 m above ground level for different time
scales. The label interval was set to 6 h to track the
path of trajectory.

The back-trajectory analysis using NOAA HY-
SPLIT shows that during the study period, the northeast

have undergone a rapid urban growth in the last
couple of years and are still expanding. Currently,
construction activities are likely sources of dust
and particulate pollution. At Saddar area, the wind
blows from a nearby area in Westrigde, located on
the Peshawar road. Also, windblown dust comes
from road dust and heavy traffic on the major roads
like the Kashmir highway, the 1JP road, and the
Peshawar road.

Monthly mean wind magnitudes and vectors
(m s!) from the MERRA 2 satellite data at a 10 m
height during February and March 2014 were also
plotted to regional wind patterns during the study
period (Fig.14).
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Fig. 12. Backward trajectories from the NOAA HYSPLIT model.
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Fig. 13. Wind rose plot for wind direction and speed during the study period.
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Pollutants are influenced by meteorological
conditions such as temperature, wind direction,
wind speed, and relative humidity. In this study, the
Modern Era Retrospective-Analysis for Research and
Applications (MERRA-2) meteorological database
was used at the annual, seasonal and synoptic scales.
Surface air temperature is shown in Figurel5.

Monthly trends of the observed surface area tem-
perature in the study area from 2011 to 2014 are very
similar in the different years of the period (Fig. 15).
Surface area temperature is lower in winter and el-
evates from April until July. The maximum surface
area temperature can be seen during June in each year.

Precipitation data from 2011 to 2014 showed high-
er values during the monsoon season (July-August),
while lower values are observed in the post-monsoon
season (September-December). In January-March
higher precipitation rates are observed in all the years,
as shown in Figure 16. The pre-monsoon season
(April to June) shows comparatively lower precipi-
tation values. Overall, higher precipitation values are
observed throughout 2013, followed by 2011. The
years 2012 and 2014 have lower precipitation values
compared to 2011 and 2013. Monthly precipitation
trends show lower values in the pre-monsoon season
and higher values during the month of monsoon. The

annual comparison of precipitation data depicts the
same trends in all years.

Yearly data from the Moderate Resolution Im-
aging Spectroradiometer (MODIS) derived aerosol
optical depth (AOD) for 2011-2014 is also plotted
in Figure 17. Data for each month is plotted in the
graph for each respective year. Higher values of AOD
are observed in June-August (summer). MODIS
AQOD started declining after August, which is due
to monsoon rains in this month. Higher AOD values
are typically observed in June-August. Here it can be
inferred that ground PM concentrations and MODIS
AOD are relatively higher in June-August. During
2014, we found elevated levels of AOD from May
to July in the study area. In contrast, levels of AOD
are comparatively lower in March. Seasonally, the
variation in MODIS AOD data shows higher values
in summer as compared to winter. Trends in the yearly
data remained almost similar from 2011 to 2014 in
Islamabad.

From the meteorological data we surmise that
higher pollutants levels are observed during summer,
mainly in June-August. Higher levels of MODIS
AOD are also found in these months. The meteo-
rological trends also suggest that levels of pollut-
ants might be lower during winter. The AOD data
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Fig. 17. MODIS AOD over Islamabad.

validates this observation. Levels of MODIS AOD
are low in winter. These trends are highly similar
from 2011 to 2014.

4. Conclusions

Most cities in Pakistan are rapidly expanding due to
migration from rural to urban areas in search of job
and facilities, which leads to environmental degra-
dation and rise in air pollution levels. Worsening air
quality levels are also due to the lack of efficient mass
transit systems, and endurance of old trucks and two

strokes engines. Many government and international
organizations have highlighted the worsening air
quality issues in major cities of Pakistan. In this study,
our aim was to provide air quality measurements of
twin cities I[slamabad and Rawalpindi.

The levels of SO, at most studied sites were
within the permissible limits. Location 3 (Faizabad)
showed higher values (40.4 pg m~) as compared to
other sites. SO, concentrations at other locations, i.e.
Saddar, Airport, Blue Area and NUST, were 28.9,
27.1,22 and 22.4 ug m 3, respectively.

The overall concentration of NO, was found to
be within the permissible limits of NEQS and US-
EPA. Concentrations within the twin cities were
found to be within the range of 29.6 to 36.3 pug
m>. The highest values were observed at location
5, namely the Benazir Bhutto International Airport,
while the minimum were observed at Faizabad,
Islamabad.

The overall concentration of O3 was found to be
within the permissible limits of NEQS and USEPA.
Among the monitored sites, NUST, Benazir Inter-
national Airport and Faizabad showed peak values
as compared to others (26.1, 24.3 and 20.9 pg m >,
respectively. Concentrations of O3 at other sites were
comparative lower. The O3 concentration at Saddar
was 18.3 pg m ™ while blue area Islamabad has lowest
values among all other sites, i.e., 13.1 pgm™.
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Concentrations of CO, during the study period
were found to be higher in almost all locations. Sadd-
ar, Rawalpindi showed the highest value (409 ppm),
which is due to heavier traffic on congested roads.
Vehicular emissions are probably the main source for
the high levels of CO,, followed by the Westridge
industrial area, which is also driving CO, concen-
trations. Concentrations at the Blue Area and NUST
in Islamabad were observed to be 385.3 and 246.0
ppm, respectively. At the Faizabad and Airport sites,
CO; values were 375.9 and 368.8 ppm, respectively.

The highest PM( values were reported in Sadd-
ar, Rawalpindi (184 ppm) while the minimum were
observed at the Blue Area of Islamabad (121 ppm).
PM values observed at the NUST and Airport sites
were found to be 142 and 135 ppm, respectively.

Having in mind the limited data on air pollution
from the region, the objective of this study was to mon-
itor the levels of air pollutants in the twin cities, caused
by vehicular exhausts, industrial emissions and other
sources. Our study revealed that most of the pollutant
levels in the twin cities are within the permissible limits
of US-EPA and NEQS. The levels of PM;, concen-
trations were found to be higher in most of the sites.
This study indicates that much more comprehensive
studies are needed to further understand air quality
levels and related issues across Pakistan, in particular,
urban centers such as Islamabad and Rawalpindi.
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